ARCHIVE 





OF 


Ophthalmol 


} 


—— 






Me } 
JANUARY 1991 


Topically Active Carbonic Anhydrase Inhibitors 


for Glaucoma 
S. M. Podos, J. B. Serle 











Ocular Findings in Patients With 
Autosomal Dominant Retinitis Pigmentosa_ 
and a Rhodopsin Gene Defect (Pro-23-His) 

E. L. Berson, B. Rosner, M. A. Sandberg, T. P. Dryja |’; 


+ s d 


Autosomal Dominant Sectoral Retinitis Pigmentosa 
J. R. Heckenlively, J. A. Rodriguez, S. P. Daiger 


SE E re I i E E s a, 


The Relationship of Visual Acuity, Refractive Error, and Pupil Size 
After Radial Keratotomy 


J. T. Holladay, M. J. Lynn, G. O. Waring Ill, M. Gemmill, 
G. C. Keehn, B. Fielding 


e ee e e a E E SR eh 


Clinically Detectable Nerve Fiber Atrophy Precedes 
the Onset of Glaucomatous Field Loss 


A. Sommer, J. Katz, H. A. Quigley, N. R. Miller, 
A. L. Robin, R. C. Richter, K. A. Witt 








The Incidence of Ulcerative Keratitis 
Among Aphakic Contact Lens Wearers in New England 


R. J. Glynn, O. D. Schein, J. M. Seddon, E. C. Poggio, J. R. Goodfellow, 
V. A. Scardino, M. J. Shannon, K. R. Kenyon 





Volume 109, Number 1 


_ -American Medical Association 
Physicians dedicated to the health of America 





The eyes 
can be 
windows 
to alot 
more than 
the soul. 


Some of the most poetic passages 
throughout history have been 
written about the eyes. 

But this isn't one of them. 


Ocular beta blockers can 
affect more than the eyes. 


Unfortunate, but true. Minutes 
after a single dose of an ocular 
beta blocker, the drug is detect- 
able in the plasma of most 
individuals.’ And systemic TAER See, 
absorption of a topical dose is BG 
more like an IV bolus than an 

oral dose.' 

That's important when you 
consider that most glaucoma 
patients are elderly. With age 
comes a normal decline in physio- 
logic function and increased 
susceptibility to systemic disease.2 °° capacity x. 1 
And concomitant systemic 40 _ Doesn't it make sense to 6 
medication increases the likelihood = Typ ——________ sider BETOPTIC S when treati 
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BETOPTIC® S (betaxolol Hi 
is the only beta-1 selective* o 
beta blocker. That means you 
expect long-term maintenanc 
IOP reduction.* A superior pu 
nary safety profile.* Minimal 
cardiovascular effects.° And ¿ 
very low incidence of reportec 
systemic side effects, includin, 
CNS effects.’ 
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Porn *S Sterile Ophthalmic Suspension has 
Oduced minimal effects in patients with reactive airway 
šedse; exercise Caution in treating patients with 
cersive restriction of pulmonary function. Asthmatic 
tacks and pulmonary distress have been reported 
irirg betaxolol treatment. Although rechallenges of 
me such patients with ophthalmic betaxolol have not 

Avusely affected pulmonary function test results, the 
iss bility of adverse pulmonary effects in patients 
msitive to beta blockers cannot be ruled out. 

(ontraindicated in patients with sinus bradycardia, 
eater than a first-degree atrioventricular block, 
arciogenic shock, overt cardiac failure or 
ypetsensitivity to any component of this product. Use 

{ution in treating patients with a history of cardiac 
ilure or heart block. 
Chserve patients receiving an oral beta blocker and 
STUPTIC S Suspension for potential additive effect on 
1own systemic effects of beta blockade. Exercise cau- 
MN in patients receiving catecholamine-depleting drugs 

aas reserpine and ad energic psychotropic drugs. 

PETOPTIC S Suspension has been well tolerated in a 
{ity of patients. Discomfort of short duration upon 

gation may be experienced. Systemic reactions have 
reported rarely and a complete listing appears in 
escribing information. 
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Diagnosis and Management in Vision Care Book Review 


To the Editor.—I read with curiosity the book review of Di- 
agnosis and Management in Vision Care (edited by John F. 
Amos) critiqued by Arthur I. Geltzer, MD, in the April 1990 
issue of the ARCHIVES.’ 

I found it peculiar that Dr Geltzer “read and reread” this 
text with the apparent intent of detecting any possible flaw 
in its content. His most significant findings regarding this 
729-page textbook were as follows: (1) the omission of 
infection on a differential diagnosis list for pain in the im- 
mediate postoperative period; (2) the question of whether 
filtering to 360-nm UV radiation provides adequate protec- 
tion for skiers and aviators; and (3) a statement in the text 
regarding the treatment of an amblyopic child that was 
cited from a 1957 (outdated?) reference source. 

Dr Geltzer’s conclusion was that the misinformation 
presented in this text, so vividly illustrated in the above 
three examples, could have serious consequences for patient 
care. 

Fortunately for the welfare of the public, we have in our 
society state laws and health professions boards that reg- 
ulate and oversee the quality of care provided by health care 
professionals. Also, malpractice attorneys are well versed 
in assisting individuals who have been injured by doctors 
providing substandard health care. 

I could be wrong, but it appears to me that the main 
thrust of this project by Dr Geltzer was to demonstrate that 
optometrists possess inadequate knowledge and skill in the 
diagnosis and management of ocular disorders. Based on his 
review, he does not seem to establish a very convincing ar- 
gument in this regard. 

Dr Geltzer’s other, not so subtle, message in his report 
was his amazement and apparent dismay that optometry 
has evolved into a primary health care profession. 

I am certainly not against ophthalmology. I have an ex- 
cellent working relationship with a number of skilled oph- 
thalmologists in my area. We work together in the man- 
agement and comanagement of patients with complicated 
ocular disorders. 

My only question to Dr Geltzer is this: Why not spend 
your valuable time enhancing our (ophthalmologists’ and 
optometrists’) knowledge of clinical eye care, rather than 
unjustifiably attempting to belittle the profession of op- 
tometry? 

Larry A. KOVAL, OD 
Indianapolis, Ind 


1. Amos JF, ed. Diagnosis and Management in Vision Care. Stoneham, 
Mass: Butterworths; 1987. 


To the Editor.—I feel it necessary to comment on the review 
in the April 1990 issue of the ARCHIVES by Dr Geltzer con- 
cerning the book Diagnosis and Management in Vision Care 
edited by me. I offer the following comments in response to 
Dr Geltzer’s review. 
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I found it amusing that Dr Geltzer felt it necessary to 
“read and reread” this book. I can only surmise that this 
intense scrutiny was necessary in his attempt to discredit 
the book. Dr Geltzer is obviously not pleased that optome- 
trists would dare discuss some of the topics covered in de- 
tail or mentioned in the book. 

In the chapter on headache, Dr Geltzer states that the 
author advises the optometrist that “treatment of an acute 
attack after a definitive diagnosis has been made requires 
the clinician optometrist to consider the severity of the at- 
tack or to initiate prophylaxis.” In point of fact, however, 
the chapter on headache was designed to provide the eye 
care practitioner with a comprehensive discussion of the 
features of the major headache types likely to be encoun- 
tered in clinical practice. Its main purposes were to assist 
the optometrist in diagnosing, treating, or managing head- 
aches resulting from visual or ocular disorders, becoming 
familiar with the signs and/or symptoms of other headache 
types, to make better referrals to other health care practi- 
tioners, and to provide insight into the various forms of 
treatment, including medical therapy for the various types 
of headaches. 

This type of information is valuable when eliciting a pa- 
tient history since the medications used provide insight into 
the patient’s systemic status. This is particularly important 
for patients who present with various forms of migraine as 
a result of a recent visual aura. The discussion in the chap- 
ter in no way stated or implied that optometrists prescribe 
systemic medications; however, it does attempt to make the 
reader familiar with medications used for the treatment of 
headache. 

Referring to the management of aphakia and 
pseudoaphakia, Dr Geltzer is concerned that in the descrip- 
tion of immediate postoperative care, infection was omitted 
as a consideration, and that this misinformation could have 
serious consequences for patient care (a statement also 
featured in the highlights). In fact, infective endophthalmi- 
tis and postsurgical uveitis are both discussed in the text 
and presented in table form under the major heading, 
“Early postoperative complications of cataract surgery 
with intraocular lens implantation.” The section to which 
Dr Geltzer was referring was the period (hours) immedi- 
ately after surgery as opposed to early postoperative com- 
plications observed days or weeks later. This difference is 
obvious to anyone interested in providing a fair and 
balanced review. As such, it does not constitute misinfor- 
mation. 

In regard to the topic of light sensitivity, Dr Geltzer ev- 
idently found this chapter informative and helpful but be- 
lieves the author may have oversimplified the problem of 
UV protection in regard to skiers and aviators. He then 
suggests that reference should have been made to a book 
that appeared 2 years after my book was published. Clearly, 
this is ludicrous and is further evidence of the unfair nature 
of this review. 

Next, Dr Geltzer criticizes one statement regarding the 
treatment of amblyopia in that this statement seems to 
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disregard recent data on the importance of intensive 
patching therapy for amblyopia. Unfortunately, this state- 
ment regarding initial amblyopia therapy for children older 
than 1 year (direct occlusion for 2 hours every evening with 
30 minutes spent on detailed tasks if the patient is binoc- 
ular) is misconstrued as advice given by me. First, I must 
point out that the chapter addresses the topic of refractive 
amblyopia and not strabismic amblyopia. Furthermore, the 
1957 reference cited by Dr Geltzer is the important report 
by Bishop that has served as a model for many subsequent 
studies on anisometropic amblyopia. This report is remark- 
able in the fact that it called attention to the importance of 
assessing binocular function and the need to provide inter- 
mittent direct occlusion if binocularity is present. 

A review in this chapter of 11 studies of patients with 
anisometropic amblyopia found that visual acuity improved 
for some by providing only optical correction; other patients 
required optical correction and intermittent occlusion, and 
still others required optical correction and full-time occlu- 
sion, particularly those patients with strabismus. In cases 
where binocularity is poor or absent, then proper optical 
correction and full-time direct occlusion is likely to be the 
treatment modality of choice. The central point is that in 
patients with anisometropic amblyopia and binocularity, 
full-time occlusion interrupts binocularity, does not result 
in an improvement in visual acuity, and may, in young chil- 
dren, result in occlusion amblyopia. These considerations 
are all discussed in the chapter in detail. There appears to 
be a growing body of clinical literature to support the no- 
tion that anisometropic amblyopia with the presence of 
some binocularity may respond as well or better to only op- 
tical correction or optical correction coupled with intermit- 
tent direct occlusion as opposed to full-time direct occlusion 
with optical correction. 

In view of the more detailed explanations provided above, 
I do not believe the statement by Dr Geltzer that ophthal- 
mologists need to “be familiar with the information, mis- 
information and direction being given to optometrists so 
that armed with this knowledge they may supervise, edu- 
cate and evaluate optometric input in their practice or ed- 
ucational milieu” is either fair or accurate. It is my opinion 
that on careful, but fair, scrutiny, ophthalmologists will 
find this book unique and of value in providing better 
patient care. 

Finally, it should be mentioned how negative this book 
review was in comparison with others in the book review 
section of the ARCHIVES. This makes the unbalanced nature 
of the review all the more apparent. 

JOHN F. Amos, OD 
Birmingham, Ala 


In Reply.—I appreciate the interest and directness ex- 
pressed by Dr Koval. However, I believe that he is wrong. 
Neither my review nor my intention was to demonstrate 
that “optometrists possess inadequate knowledge and skill 
in the diagnosis and management of ocular disorders.” I 
agree with him that this matter lies within the purview of 
state boards and malpractice attorneys. 

My review considered a single volume on eye care. I found 
the book seriously deficient and I cited several egregious 
examples that Dr Koval summarized very well. Failure to 
consider postoperative infection, failure to adequately pro- 
tect against UV light, and failure to properly manage am- 
blyopia are major issues. 

In this time of change in the scope of practice of health 
care professionals and especially of increased interaction 
between ophthalmologists and optometrists, it is important 


12 Arch Ophthalmol— Vol 109, January 1991 


that our textbooks and other teaching materials be of the 
highest standard. In my judgment, Diagnosis and Manage- 
ment in Vision Care does not meet this standard. 

In response to Dr Amos’ lengthy rationalizations of the 
few examples that I cited, I appreciate his explanation and 
elaboration. I believe that his editing of Diagnosis and 
Management in Vision Care should have been done prior to 
publication to avoid these and other sources of misinter- 
pretation. I cannot agree with Dr Amos’ statement that 
“ophthalmologists [and optometrists] will find this 
book ... of value in providing better patient care.” 

ARTHUR I. GELTZER, MD 
Providence, RI 


Remission of Anterior Uveitis 
by Subconjunctival Fluorouracil 


To the Editor.—Subconjunctival fluorouracil has been suc- 
cessfully used following filtering surgery for glaucoma sec- 
ondary to uveitis'? by preventing filtering bleb scarring 
through the inhibition of fibroblast proliferation. Based on 
the known beneficial effect of systemic cytotoxic drugs on 
certain types of uveitis, we decided, following such filtering 
surgery, to treat anterior uveitis with fluorouracil simulta- 
neously with its use in the prevention of bleb scarring. 


Report of Cases.—Three patients (Table) experienced chronic, 
unilateral, mild (1+ cell and flare) to severe (3+ cell and flare) an- 
terior uveitis. All three were being treated with local and systemic 
steroids. Due to uncontrolled glaucoma, filtering surgery was per- 
formed in each eye, and topical 0.1% dexamethasone and 1% atro- 
pine sulfate drops were administered four times a day. In addition, 
5 mg of fluorouracil in 0.5-mL saline was repeatedly injected infe- 
riorly, 180° away from the surgical site. Frequency (one to two 
times per day) and duration (7 to 14 days) of injections were 
titrated according to the degree of anterior chamber inflammation. 
Two injections of fluorouracil were administered daily as long as 
marked (2+ or more severe) uveitis signs persisted and one injec- 
tion per day was administered when signs were milder. Injections 
were discontinued when virtually complete remission of anterior 
chamber inflammation was observed. No permanent complications 
occurred due to fluorouracil treatment. No recurrences occurred 
during the 12-month follow-up period. 


Comment.—Our regimen of adjusting fluorouracil ad- 
ministration according to anterior chamber inflammation 
was based on the following: (1) the known beneficial effect 
of systemic cytotoxic drugs on uveitis, which are believed to 
inhibit the reproductive ability of lymphoid cells, which in 
turn interferes with its both humoral and cell-mediated 
immunity; and (2) the undoubtedly shorter half-life of flu- 
orouracil within the anterior chamber in stronger inflam- 
matory reactions, similar to that demonstrated in postop- 
erative vitreous inflammation in rabbits.’ 

This observation is in keeping with those of Weinreb.' He 
found an incidental marked remission (two eyes) or com- 
plete remission (two eyes) of anterior uveitis in six operated 
eyes following the use of fluorouracil after filtering surgery. 
However, while Weinreb! administered fluorouracil no 
more than once daily, two patients in our series received two 
injections daily as long as marked inflammation was 
evident. In addition, in the report by Weinreb, treatment 
was discontinued when corneal epithelial toxicity (a com- 
mon side effect) appeared, but in our series minimal corneal 
epithelial defects, which occurred in patient 1, were not 
considered an indication for discontinuation of treatment, 
and the patient received the full treatment according to the 
protocol. This therapeutic approach may serve as one pos- 
sible explanation of the results achieved in our three 
patients. 
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Preoperative 


| Data on Three Eyes With Glaucoma Secondary to Anterior Uveitis Before and 1 Year After Filtering Surgery and Fluorouracil Treatment 





1 y After Surgery 








































counting and flare 


a Duration of Degree a 
Intraocular Present of Intraocular 
Patient No./ Visual Pressure, Inflammation, Anterior Etiology Fluorouracil Visual Pressure, 
Age, y Acuity mm Hg mo Uveitis” Gonioscopy of Uveitis Treatment§ Acuity mm Hg 
1/56 3 + cell 
20/50 48 4 flare PASt Idiopathic (2 X 12) + (1 X 2) 20/40 
2/74 2 + cell 
20/80 38 39 and flare NV+ Idiopathic (2X 7) + (1 X 7) 20/70 261 
3/69 Presumed 
3 m finger 1+ cell Open herpes 











angle simplex (1 X 7) 20/60]| 








* inflammation was graded on a scale of trace, 1+, 2+, 3+, or 4+ cell and flare at the time of surgery. 
+PAS indicates peripheral anterior synechiae. 
+NV indicates neovascularization that regressed after surgery and fluorouracil treatment. 
§The No. of injections per day times the No. of days. 
||After extracapsular cataract extraction and posterior chamber intraocular lens implantation performed 6 months after filtering surgery. 
Receiving full hypotensive treatment. Intraocular pressure was under control for 10 months. 


To our knowledge, this is the first report of a regimen of 
subconjunctival fluorouracil that was successful in treating 
anterior uveitis. This therapeutic approach is potentially 
preferable to systemic drug therapy due to the absence of 
systemic side effects as well as the only rarely occurring 
permanent mild ocular complications. Although the total 
number of patients in both Weinreb’s series and ours is 
small, the data seem to justify considering verifying the ef- 
ficacy of subconjunctival fluorouracil as a therapeutic mo- 
dality for anterior uveitis in a controlled study. 

AVINOAM OPHIR, MD 
URIEL TicHo, MD 
Jerusalem, Israel 


Reprint requests to the Department of Ophthalmology, Hadassah Uni- 
versity Hospital, PO Box 12000, Jerusalem, Israel 91120 (Dr Ophir). 


1. Weinreb RN. Adjusting the dose of 5-fluorouracil in filtration surgery 
to minimize side effects. Ophthalmology. 1987;94:564-570. 

2. Jampel HD, Jabs DA, Quigely HA. Trabeculectomy with 5-fluorouracil 
for adult inflammatory glaucoma. Am J Ophthalmol. 1990;109:168-173. 

3. Peyman G, Schulman J. Proliferative vitreo-retinopathy and chemo- 
therapeutic agents. Surv Ophthalmol. 1985;29:434-442. 


Visual Acuity and Field Loss 
in Retinitis Pigmentosa 


To the Editor.—The recent article by Madreperla et al! 
shows that the visual acuity in retinitis pigmentosa (RP) 
falls in rough association with the degree of visual field loss. 
However, I question the implication that the degree of vi- 
sual field loss is directly related to, or determines, the risk 
of visual acuity loss. This article really only tells us that 
advanced disease is advanced. 

The term FP refers to a group of hereditary diseases that 
differ in severity, but all progress slowly over time. Every 
visual parameter that changes with age or with duration of 
disease will be “related” to every other such visual param- 
eter, but this does not signify any direct pathophysiologic 
correlation. Both visual field loss and visual acuity in RP are 
known, on a statistical basis, to worsen with age (duration 
of disease), but also to be better preserved in the milder (eg, 
type II or delimited) forms of the disease. However, whereas 
visual field loss progresses for each individual in a mono- 
tonic fashion (according to the authors), visual acuity loss 
occurs less predictably and more precipitously.** 

Visual acuity can be stable for many years, and although 
it is eventually lost in many individuals, one does not rou- 
tinely see a prolonged monotonic decline. The “relation- 
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ships” in this article are not predictive since there is a 
spread of visual acuities among patients with severe visual 
field loss, and no evidence is presented that visual acuity and 
visual field loss followed in individual patients actually 
change in tandem. Without such longitudinal follow-up, to 
note that preservation of visual field predicts good visual 
acuity in RP is only to acknowledge that early or mild dis- 
ease is indeed early or mild. 

MICHAEL F. MARMOR, MD 

Stanford, Calif 


1. Madreperla SA, Palmer RW, Massof RW, Finkelstein D. Visual acuity 
loss in retinitis pigmentosa: relationship to visual field loss. Arch Ophthal- 
mol. 1990;108:358-361. 

2. Marmor MF. Visual loss in retinitis pigmentosa. Am J Ophthalmol. 
1980;89:692-698. 

3. Farber MD, Fishman GA, Weiss, RA. Autosomal dominantly inherited 
retinitis pigmentosa. Arch Ophthalmol. 1985;103:524-528. 


In Reply.—In the article! discussed by Dr Marmor, we 
demonstrated, in 235 patients with typical RP and no evi- 
dence of visual acuity-limiting cataract or macular edema, 
that for patients with visual fields smaller than 30°, the 
prevalence of decreased visual acuity increases with the ex- 
tent of further visual field loss. Specifically, until the 
V-4-e visual field reaches 30°, 96% of patients retained 20/ 
40 visual acuity or better. Fewer than one third of patients 
with visual fields smaller than 10° radius had visual acuities 
of 20/40 or better and intermediate percentages of patients 
with 20/40 visual acuity or better were seen at intermedi- 
ate visual field sizes. In other studies,™ we showed that vi- 
sual field loss in RP, regardless of subtype, progresses at a 
very predictable rate, following an exponential decay func- 
tion. 

We appreciate Dr Marmor’s interest in our work and are 
grateful for the opportunity to clarify any potential points 
of confusion. It is well known that RP is a retinal degener- 
ation characterized by night blindness, visual field loss, and 
pigmentary changes in the retina. However, we only re- 
cently learned that there is great variability in the age at 
onset of the progressive retinal degeneration of RP. This 
variability in onset age makes patient age a very poor pre- 
dictor of disease severity and a poor variable on which to 
base prognosis. For instance, as Dr Marmor demonstrated 
in his retrospective study,’ visual acuity in RP may remain 
good for many years but can decline abruptly. The time that 
this abrupt decline in visual acuity occurs cannot be 
predicted by patient age.* 

We have shown that once visual field loss begins,’ the dy- 
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namics of visual field loss are surprisingly consistent among 
all patients with RP. It is the age at onset of visual field loss 
(ie, critical age) that exhibits high variability among 
patients with RP. Once it begins to decline, the size of the 
visual field marks the stage of progression of the disease. 
Since the size of the visual field was found to correlate well 
with the prevalence of decreased visual acuity in a large 
population of patients, field size can therefore be used to 
predict when individual patients will become at increased 
risk for visual acuity loss.' 

We agree that it would be interesting to describe pro- 
spectively the relationship between visual acuity and visual 
field size in individual patients with RP. However, the re- 
sults of our study of a large population of patients alone are 
sufficient to make predictive statements regarding the fu- 
ture visual acuity of individual patients. Patients with RP 
often ask, “How long will I have good reading vision?” Vi- 
sual field radius decreases with a mean half-life of approx- 
imately 8 years (ie, 8 years to lose 50% of the remaining ra- 
dius: note that the time constant for radius is twice the time 
constant for area). Thus, visual field data combined with the 
good visual acuity prevalence data reported in our article 
can help the physician make a comfortable prognosis for an 
individual patient. Also, the same data may help the phy- 
sician in making recommendations to the patient about the 
potential achievable visual acuity after cataract surgery or 
therapy for cystoid macular edema. 

STEVEN MADREPERLA, MD, PHD 
ROSALIND PALMER 

ROBERT MaAssor, PHD 

DANIEL FINKELSTEIN, MD 
Baltimore, Md 
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A Simple Device for Laser 
Suture Lysis After Trabeculectomy 


To the Editor.—The recent trend in trabeculectomy is to 
suture the scleral flap rather tightly to prevent immediate 
postoperative hypotony.’ If intraocular pressure is not re- 
duced to the desired level, then one or more of the flap sutures 
are selectively cut using the argon or krypton laser within the 
first week after surgery to improve filtration. Quite often, 
however, the fine sutures used to close the scleral flap (usual- 
ly 10-0 monofilament nylon) are difficult to visualize through 
the conjunctiva (Fig 1). This necessitates the use of special 
lenses to press the conjunctiva against the sclera so that the 
sutures become visible. The Zeiss gonioprism’ and the special 
suture lysis lens described by Hoskins and Migliazzo* are two 
such devices that have been recommended. I describe herein 
the use of a disposable glass pipette, the Micro/Pipettor (Sci- 
entific Manufacturing Industries Inc, Berkeley, Calif) (Fig 2), 
which is readily available in any research or clinical 
laboratory. 

Materials and Methods.—A patient is seated before the laser 
machine and topical anesthesia is applied in the eye to be treated. An 
assistant holds the upper eyelid with a cotton-tipped applicator while 
the patient looks down. The glass pipette is then applied directly over 
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Fig 1.—Scleral flap suture (arrow) is barely visible through the con- 
junctiva before applying the pipette. 





Fig 2.—The glass micropipette used for laser suture lysis, with a 3- 
mm external diameter, shown in its straight and bent forms. 





Fig 3.—The same scleral flap suture as shown in Fig 1, seen through 
the pipette. 


the area of the scleral flap suture and, with gentle but firm pressure, 
the suture becomes readily visible through the tube and the blanched- 
out conjunctiva (Fig 3). I have also found that the pipette becomes 
even easier to handle when it is permanently bent at an angle of 
approximately 120°, at about 2 cm from one end (Fig 2). This type of 
glass tubing can be manipulated safely over open flame for bending or 
for polishing the edges. 


Comment.—I believe that the use of a simple device such as 
a disposable glass pipette for laser suture lysis obviates the 
need for more expensive lenses. Moreover, because of its 
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steep curvature (3-mm external diameter), the pipette allows 
visualization of the subconjunctival suture with minimum 
focal pressure, and hence it is much better tolerated (than 
lenses) by eyes that are tender from surgery. The Zeiss and 
Hoskins lenses both elevate the upper lid during treatment, 
and therefore an assistant is not required for the procedure. 
However, we have found that the pipette is very well tolerat- 
ed because it is applied to the globe without touching the 
eyelid margin, which frequently triggers reflex blinking or 
squeezing. In general, soon after surgery, eyes seem to toler- 
ate being opened with a cotton-tipped applicator placed 
against the skin side of the upper eyelid much better than with 
asolid object lifting the lid margin from inside (in other words, 
the edge of a lens). 

One concern is the possibility of the micropipette breaking 
under pressure. In my experience, however, only minimal 
pressure against the globe is required to reveal the suture, 
which is not enough to break the pipette. Nevertheless, it 
behooves the user of such a potentially breakable device to 
exercise caution and avoid unnecessary, rough manipulation 
during the laser treatment. 

Karim F. Tomey, MD 
Riyadh, Saudi Arabia 


This study was supported by the Research Department, King Khaled Eye 
Specialist Hospital, Riyadh, Saudi Arabia. 

The author has no proprietary interest in the above-mentioned product. Any 
other similar micropipette may be used, provided it is sturdy enough to 
withstand gentle, firm pressure without breaking. 

The author thanks Nader Shoukrey, PhD, for providing the micropipette, 
and Catherine Landis for reviewing and editing the typescript. 
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Excimer Laser in Monkeys 


To the Editor.—I would like to ask Fantes et al! to clarify 
an ambiguous point about their article that appeared in the 
May 1990 issue of the ARCHIVES. 

In the “Comment” section, the authors stated that the 
“majority of corneas remained clear when they epithelial- 
ized by 2 weeks after surgery.” This indicates to me they are 
distinguishing between those that epithelialized early and 
those that did not. Earlier in the article, however, they 
noted that all corneas had epithelialized by 7 days, so how 
can they make this distinction? 

LAWRENCE D. Sprvack, MD 
Englewood, Colo 
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In Reply.—We appreciate Dr Spivack’s inquiry concerning 
our article. Our statement that “the majority of corneas 
remained clear when they epithelialized by 2 weeks after 
surgery” was awkwardly stated. To state it more accurately, 
all of the corneas epithelialized by 7 days after surgery as 
we indicated in the “Results” section, but the anterior stro- 
mal clarity did not clear until approximately 2 weeks after 
surgery. There was moderate variability in the intensity of 
the haze and in the time of the appearance of the haze, but 
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these mean times depict the postoperative course reason- 
ably well. 
We hope this clarifies the findings in our study. 
GEORGE O. WarING III, MD 
Atlanta, Ga 


A New Self-Sealing Needle 
for Iris Suture Fixation 


To the Editor.—A recent article by Murray and Abrams! in 
the May issue of the ARCHIVES was of special interest to me. 
It is obvious that the ingenious technique of iris suture fix- 
ation the authors describe would be of tremendous help to 
vitreoretinal surgeons. While the special needle, which is 
similar to a Simcoe suture needle, for this iris fixation tech- 
nique may be purchased commercially, for some ophthalmic 
surgeons, especially in developing countries, the needle is 
not readily available. In such a situation, a simple hypoder- 
mic needle might replace the special needle: the suture could 
be threaded through the lumen of the hypodermic needle,” 
instead of through the hole at the bevel, and the steps illus- 
trated in Figs 2 and 3 could be followed subsequently to 
achieve the desired pupillary opening. One important pre- 
caution for using a hypodermic needle in this fashion is to 
make sure that the proximal edge of the opening of the lu- 
men at the bevel is dull, preventing the suture from being 
inadvertently severed during this maneuver. On the other 
hand, it makes perfect sense to take advantage of the spe- 
cial needle when it is available for iris suture fixation as de- 
scribed by the authors, who should be congratulated for de- 
veloping this innovative technique. 

Donec H. SHIN, MD, PHD 

Detroit, Mich 
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In Reply.—We thank Dr Shin for his comments regarding 
our new surgical instrument for placement of transscleral 
iris fixation sutures. We agree that a simple hypodermic 
needle is effective in situations where our instrument is 
unavailable,'* but we think that our specially designed nee- 
dle facilitates the rapid, atraumatic suture placement 
essential for iris fixation and for transscleral suture place- 
ment during posterior chamber intraocular lens fixation.’ 
We also wish to note that production of the transscleral 
fixation needle has recently been retooled, which has mark- 
edly enhanced the sharpness of the instrument. 

TIMOTHY G. Murray, MD 

Gary W. ABRAMS, MD 

Milwaukee, Wis 
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LOCUM 
TENENS- 


THE BEST WAY TO GET 
A QUALIFIED DEPUTY 
FOR YOUR OFFICE 


Locum Tenens is, literally, someone 
who holds another’s place while they 
pursue other objectives. Sort of a 
deputy to keep the office running 
smoothly. Someone who can give 
today’s physicians the opportunity 
they need in their careers for time 
away from their practices for contin- 
uing education or personal reasons. 


If you need a physician to give your 
career some flexibility, or you are a 
physician looking for a short-term 
assignment, the American Medical 
Association’s Physicians Career 
Resource can help you with a pro- 
fessional Locum Tenens Service. 


Locum Tenens are handled as part of 
the Physicians Placement Service. 
That means listings in the respected 
Opportunity Placement Register, and 
access to computerized CVs of physi- 
cians actively seeking short-term 
practice opportunities. 

It’s easy to register either as an 
employer or locum tenens physician. 
For more information and a registra- 
tion questionnaire, call or write: 
Locum Tenens Service 

Physicians Career Resource 
American Medical Association 

P.O. Box 10012 
Chicago, IL 60610 
(312) 645-5549 
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[ [ransEquator and QuadrAspheri 
Fundus Laser Lenses 


‘Presenting the most technically advanced 
Fundus Laser Contact Lenses yet! The new 
Volk Area Centralis® and TransEquator® 
lenses join the popular QuadrAspheric® 
lens to provide the diagnostic and 
therapeutic choices you need. 


All three lenses are available with Volk’s 
new AR/DI® Laser Coating for both 
argon and diode laser,“ or standard 
SupraCoat multi-layer AR Coating. 


Area Centralis: The high magnifi- 
cation Area Centralis lens is ideal for 
detailed disc and macular exami- 
nations and laser therapy in the 
central retinal area. An unusual 

r equator to equator fundus view is 
obtainable with this high 1.0 
magnification laser lens along with an 
improved slit lamp working distance. 






TransEquator: The TransEquator lens 
provides an excellent combination of 
both field and magnification making 
it an outstanding general diagnostic 
and pan retinal photocoagulation lens. 
Fundus views up to and beyond the 
equator are immediately obtainable. 


QuadrAspheric: Providing the 
widest 130° field of view, the 
high power, lower magnification 
QuadrAspheric lens presents a 
single view including both the 
macular and peripheral retinal 
regions. An excellent lens for 
pan retinal photocoagulation 
and vitrectomy, the QuadrAspheric 
distinguishes itself as an ideal lens 
for smaller pupil fundus examination. 
*Volk AR/DI Laser Coating uniquely 
provides high anti-reflective characteristics 
within the visible spectrum as well as peak 


performance for argon (488/512 nm) and 
infrared diode (810 nm) lasers. 


Patent Pending Area Centralis 


' MOIK 


The Leader in Aspheric Optics 


7893 Enterprise Drive, Mentor, Ohio 44060 U.S.A 
Phone: (216) 942-6161 800-345-VOLK 
Fax: (216) 942-2257 
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e Lidocaine e B-D 
e Fluorescein e Abbott Infusion Sets 
e Antibiotics e Ethicon Sutures 
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e Tapes e Eye Shields 


e Eye Pads e Alcohol Pads 
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Laser Plus lenses represent the ideal choice 
for both diagnosis and laser treatment with 
Argon plus Diode Lasers! 

With special computer designed AR/DI® Laser 
Coating, each Laser Plus® lens provides optimum 
transmission characteristics within the visible 
spectrum for standard diagnosis as well as = 
peak performance for argon (488/512nm) ġġ 
and infrared diode (810nm) lasers. These 
new lenses are the ideal choice when laser ` 
photocoagulation is indicated. 


Laser Plus lenses are designed for use with 
both the slit lamp and indirect ophthalmo- 
scope and are available in the following 
powers: ® 15D œ» 20D e Pan Retinal 2.2 
e 25D œ 30D œ 40D œ» 60D 

e 78D © 90D ¢TransEquator® 

e Area Centralis® e QuadrAspheric® 
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*Spectral Transmission Graph 
of Volk AR/DI® Laser Coating 
with peak efficiencies shown 
at 500nm and 810nm. 


Volk lenses can be ordered 
from any authorized Volk 


distributor or by calling Volk 
direct. 
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The Leader in Aspheric Optics 


7893 Enterprise Drive, Mentor, Ohio 44060 U.S.A 
Phone: (216) 942-6161 800-345-VOLK 
Fax: (216) 942-2257 


Case Reports 


Postoperative Corneal Edema 
Secondary to a Free Fragment 
of Descemet’s Membrane 


After cataract extraction in our pa- 
tient, a free fragment of Descemet’s 
membrane from the wound edge be- 
came adherent to the central cornea 
and resulted in persistent corneal 
edema. With the use of sodium hyalu- 
ronate the membrane was successfully 
removed and visual acuity was re- 
stored. 


Report of a Case.—A 66-year-old woman 
had extracapsular cataract extraction with 
posterior chamber intraocular lens implan- 
tation in the right eye on August 14, 1986. 
There were no complications during sur- 
gery. On the first postoperative day visual 
acuity in the right eye was counting fingers 
at 30 cm. There was 3+ microcystic corneal 
edema, the anterior chamber had 2+ cells 
and flare, and the intraocular pressure was 
38 mm Hg. One drop each of prednisone ac- 
etate (1%) four times daily, gentamicin 
sulfate four times daily, 1% tropicamide 
every day, and 0.5% timolol maleate twice 
a day were administered. The intraocular 
pressure decreased to 22 mm Hg the next 
day and was 12 mm Hg within a week. A 
week later visual acuity was 20/200. The 
upper two thirds of the cornea showed cor- 
neal edema, with the maximum edema 
overlying the pupil. After 5% sodium chlo- 
ride drops were administered three times a 
day for 2 days, a triangular, partially rolled 
membrane measuring 6 mm with a base of 
4 to 5 mm was seen adherent to the central 
corneal endothelium. Descemet’s folds were 
seen anterior to the membrane and were 
continuous with the folds in the rest of the 
cornea. Since there was no change in cor- 
neal edema with treatment, we decided to 
remove the membrane surgically. A corneo- 
scleral suture was removed between the 2- 
and 3-o’clock positions. Hyaluronate so- 
dium was injected under the membrane. 
This caused the membrane to unroll, and it 
detached completely from the endothelium. 
The membrane was then removed with 
forceps. Pathologic examination showed 
marked lamination and _ guttate ex- 
crescenses that indicated it was a fragment 
of Descemet’s membrane. The patient’s vi- 
sual acuity was 20/300 the next day. There 
was considerable edema centrally, with 
many Descemet’s folds. Three weeks after 
surgery the patient’s visual acuity was 20/ 
40. There was a faint pigment line on the 
endothelium at the site where the mem- 
brane had been adherent. 


Comment.—Descemet’s membrane 
is an elastic membrane that has a loose 
attachment to the overlying stroma, 
thereby allowing easy separation. It is 
resistant to autolysis and therefore 
maintains its newly assumed configu- 
ration years after the original trauma 
or surgical insult. 

Localized bullous keratopathy sec- 
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ondary to an adherent piece of lens 
capsule was reported by Moses.' 
Champion et al’ described a fragment 
of stripped Descemet’s membrane that 
was partially in the cataract wound in 
a postmortem eye. If recognized during 
surgery, irrigation against the endo- 
thelium or removal with forceps may 
be tried. However, if it is recognized in 
the early postoperative period, topical 
hyperosmotic agents are usually not 
effective in reducing the edema and 
surgical intervention may be neces- 
sary. 

In this case the fragment of Descem- 
et’s membrane most probably was sev- 
ered by surgical manipulation at the 
corneoscleral junction. It became ad- 
herent to the endothelium, resulting in 
corneal edema. The edema was maxi- 
mum overlying the adherent mem- 
brane. Since it was located over the 
pupil, we felt that immediate surgical 
intervention was required; otherwise 
permanent damage to the cornea 
would have resulted. Hyaluronate so- 
dium injected over the free edge of 
the adherent Descemet’s membrane 
formed a line of cleavage and the 
membrane rolled away from the en- 
dothelium, allowing it to be easily re- 
moved with forceps. 

SASIKALA PILLAI, MD 
Washington, DC 


Munecra A. MAHMOooD, MD 
Riyahd, Saudi Arabia 
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Spontaneous Descemet’s Membrane 
Tear and Detachment 





Breaks of Descemet’s membrane may 
occur in congenital glaucoma, birth 
trauma, keratoconus, keratoglobus, 
Terrien’s marginal degeneration, or 
surgical and accidental trauma. `” 


Report of a Case.—A 34-year-old healthy 
woman was examined in 1972 and treated 
for retinal holes with lattice degeneration 
by transconjunctival eryopexy to the right 
eye. From 1972 to 1982 she underwent five 
complete ophthalmologic examinations with 
normal findings. 

In February 1988, the patient was again 
examined, complaining of intermittent ha- 
los of short duration and decreased visual 
acuity in her left eye of 1 month’s duration. 
Her best corrected visual acuity was 20/20 
OD and 20/25 OS. Intraocular pressure was 
17 mm Hg OU. Slit-lamp examination of the 
right eye was unremarkable. In the left 
eye, a membrane that was separated from 
the stroma was hanging down with a free 
edge at the central posterior cornea, with- 


out corneal edema or signs of iritis (Fig 1). 
Gonioscopy revealed normal, wide open an- 
gles bilaterally. Corneal thickness, as de- 
termined by pachymeter, was 0.54 mm OD 
and 0.62 mm OS. Significant polymegath- 
ism and pleomorphism were detected in 
specular microscopy of the left eye (Fig 2). 

There was no history of trauma in this 
patient and a diagnosis of spontaneous Des- 
cemet’s membrane tear and detachment of 
idiopathic origin was made. Although visual 
acuity remained the same, the area of de- 
tachment gradually increased on subse- 
quent examinations and the membrane fold- 
ed over to the inferior temporal quadrant 
(Fig 3). In July 1989, slit-lamp examination 
disclosed that the membrane was lying free- 
ly in the anterior chamber angle below. The 
membrane was surgically removed through 
a limbal incision. During the procedure, 1% 
sodium hyaluronate was used to maintain 
the anterior chamber; it was partially 
removed at the end of surgery. 

On the first postoperative day, ocular 
pressure was 56 mm Hg with significant 
corneal edema presumably due to residual 
sodium hyaluronate and intraocular inflam- 
mation. The pressure was controlled with 
medication, and the cornea cleared. There 
was residual partial sphincter muscle paral- 
ysis nasally due to the transient, high in- 
traocular pressure. 

In March 1990, the best corrected visual 
acuity was 20/20 OS and intraocular pres- 
sure was 12 mm Hg without medication. 
The pupil was 5 mm and irregular (Fig 4). 

Histopathologic examination of the surgi- 
cal specimen showed curled fragments of 
basement membrane that were rounded by 
masses of periodic acid-Schiff-positive ex- 
tracellular material displaying a fine granu- 
lar appearance with no endothelial cells (Fig 
5). These findings were consistent with the 
microscopy of Descemets membrane and 
supported the clinical diagnosis. 


Comment.—There are only a few 
reports describing spontaneous rup- 
ture of Descemet’s membrane. Tucker‘ 
described a case of spontaneous tear in 
Descemet’s membrane associated 
with osteogenesis imperfecta, and 
McGrand’ reported another case but 
provided no details. Our patient was 
followed up for 16 years before the 
tear occurred and the case is docu- 
mented clinically and histopathologi- 
cally. The spontaneous occurrence, ab- 
sence of corneal edema despite the 
widely affected area, and histopatho- 
logic absence of endothelial cells at- 
tached to Descemet’s membrane were 
striking and interesting features of the 
present case. To our knowledge, this is 
the only case of spontaneous rupture 
and detachment of Descemet’s mem- 
brane with no trauma or associated 
disease clinically and histopathological- 
ly reported. 

RICHARD S. Ruiz, MD 
OsmAN A. Saatcı, MD 
Houston, Tex 


Reprint requests to ‘the Hermann Eye Center, 
6411 Fannin, Houston, TX 77030 (Dr Ruiz). 
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Fig 2.—Specular microscopic photograph demonstrated significant 


polymegathism and pleomorphism. 


Fig 4.—Postoperative view of the cornea with the slightly dilated pupil 
due to residual partial sphincter paralysis nasally. 
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Fig 5.—Curled fragments of Descemet's membrane without any at- 


tached endothelial cells (periodic acid-Schiff, original magnification 


x 100). 
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Spontaneous Collapse of a Primary Iris 
Cyst Associated With an Iris Nevus 








Primary iris cysts are unusual ocular 
abnormalities that may be congenital. 


G74 


We describe a primary iris cyst associ- 
ated with an iris nevus that spontane- 
ously collapsed within a 1-year follow- 
up period. 

Report of a Case.— A 13-year-old white 
boy was seen on February 21, 1989, for 
evaluation of a pigmented iris lesion. The 
patient had no previous history of ocular 
surgery or trauma and had not been receiv- 
ing topical medications. Visual acuity was 
20/20 OU. Intraocular pressures and dilated 
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Fig 1.—Left eye showing iris pigment epithelial cyst associated with 


iris nevus (February 21, 1989). 


fundus examination results were normal. 
Slit-lamp examination of the right eye was 
unremarkable, Slit-lamp examination of the 
left eye revealed a flat, pigmented lesion 
occupying a portion of the nasal iris. A focal 
area of increased pigmentation was present 
in the adjacent anterior chamber angle by 
gonioscopy. A round, pigmented iris cyst 
extending from the iris pigment epithelium 
was associated with the flat, pigmented iris 
lesion (Fig 1). No ciliary body transillumi- 
nation defects were present. A primary iris 
pigment epithelial cyst associated with an 
iris nevus was diagnosed on the basis of the 
clinical examination findings. The patient 
was followed up conservatively, and both 
lesions remained unchanged 6 months later. 
Follow-up examination on March 8, 1990, 
revealed a spontaneous collapse of the iris 
cyst, leaving only slight ectropion uvea at 
the pupillary margin adjacent to the iris 
nevus (Fig 2). The patient experienced no 
ocular symptoms or trauma prior to the 
spontaneous collapse of the iris cyst. 


Comment.—Iris cysts are classified 
as primary or secondary. Secondary 
iris cysts follow surgical or nonsurgical 
trauma or may be associated with pro- 
longed use of anticholinesterase miot- 
ics (Phospholine Iodide). Primary iris 
cysts seem to be developmental abnor- 

. malities and many may be congenital. 
Shields et al’ described a series of 
primary iris cysts and further classi- 
fied these as stromal or pigment 
epithelial. 

Central iris pigment epithelial cysts 
similar to the cyst depicted in Fig 1 are 
apparently unusual and, to our knowl- 
edge, have not previously been re- 
ported in association with an iris ne- 
vus. The etiology of central iris cysts is 
unclear; however, it is speculated that 
they may “occur as a failure of closure 
of the anterior portion of the primitive 
optic cup (annular sinus of von Svily).”” 

The natural course of primary iris 
cysts is controversial. Duke-Elder® 
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stated that although they may remain 
quiescent for a long time, the tenden- 
cy for iris cysts is “to grow slowly and 
steadily, ultimately bringing on sec- 
ondary glaucoma and loss of vision.” A 
recent review of 62 cases showed that 
most of these primary iris cysts, “par- 
ticularly those which arise from the iris 
pigment epithelial layer, are station- 
ary lesions which rarely progress or 
cause visual complications.”’ The natu- 
ral history of the primary iris cyst in 
our patient is consistent with the be- 
nign nature of these lesions. If these 
iris cysts grow significantly to cause 
visual symptoms, they may be success- 
fully decompressed with laser 
photocoagulation.’ 

Scorr R. SNEED, MD 

ANDREW K. VINE, MD 

Ann Arbor, Mich 
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Brown-McLean Syndrome 


Brown-McLean syndrome has been re- 
ported as a late complication, usually 
occurring 6 to 16 years after intracap- 
sular and extracapsular cataract 
extractions.'? To our knowledge, our 
patient’s onset of symptoms 34 years 
after cataract extraction represents 
the longest interval between cataract 
surgery and development of symptoms 
due to Brown-McLean syndrome. 


Report of a Case.—A 52-year-old man 
presented complaining of a foreign body 


Fig 2.—Spontaneous collapse of the iris pigment epithelial cyst 
(March 8, 1990). 


sensation in his right eye. He had under- 
gone an intracapsular lens extraction 34 
years previously for a traumatic cataract of 
the right eye. Best corrected visual acuity 
was 20/25 OU. Slit-lamp examination of the 
right eye revealed peripheral epithelial and 
stromal corneal edema with a central clear 
zone (4 mm horizontally and 6 mm verti- 
cally) (Fig 1) and orange pigmentation 
along the endothelial surface of the in- 
volved areas (Fig 2). There was a large su- 
perior sector iridectomy; the anterior hya- 
loid face was intact. The left eye was nor- 
mal. 

Ultrasonic pachymetry readings were 
0.55 mm in the central clear zone but 1.72 
mm in the edematous area of the right eye. 
The central corneal thickness in the left eye 
was 0.56 mm. Specular microscopy showed 
polymegethism and a central endothelial 
cell density of 792/mm/? in the right eye and 
a normal mosaic with a cell density of 
1733/mm? in the left eye. 


Comment.—Brown and McLean! 
first described a syndrome of periph- 
eral corneal edema following intra- 
capsular lens extraction in 14 eyes of 
eight patients. Six of the patients were 
female, the onset of symptoms oc- 
curred at least 6 years after cataract 
surgery, and patients typically com- 
plained of a foreign-body sensation. 
The mean interval between onset of 
symptoms and surgery was 11 years. 
Brown’ later described 10 more eyes in 
five patients with similar findings. 
Eight of the eyes had undergone in- 
tracapsular lens extraction. Of the re- 
maining two eyes, one had an extra- 
capsular cataract extraction and the 
other had a superiorly subluxated lens 
with no history of surgery. Most re- 
cently, Charlin’ described 26 eyes (in 
16 patients) with this syndrome; 21 
eyes had undergone intracapsular lens 
extraction, three had extracapsular 
lens extraction, and two had sponta- 
neous resorption of the lens (one with 
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congenital rubella syndrome and the 
other with previous ocular trauma). In 
his series, the mean time between de- 
velopment of symptoms from Brown- 
McLean syndrome and cataract sur- 
gery was 14.5 years. 

Patients with Brown-McLean syn- 
drome typically show epithelial and 
stromal edema involving the periph- 
eral cornea except for the superior 10- 
to 2-o’clock positions, which usually 
remain clear, as does the central pu- 
pillary zone (5 to 7 mm). The edema- 
tous corneal areas also show punctate 
orange pigmentation of the underlying 
endothelium. 

It has been hypothesized that after 
removal of the lens, either through ex- 
traction or spontaneous resorption, 
prolonged iridodonesis and endoph- 
thalmodonesis in an aphakic eye may 
lead to the development of Brown- 
McLean syndrome.’ To date, the exact 
etiology and histopathologic findings 
of this unusual syndrome remain un- 
known. 


JENNIFER I. Liu, MD 
SHERIDAN Lam, MD 
JOEL SUGAR, MD 
Chicago, Ill 





Fig 1.—Slit-lamp photograph of the right eye 
showing the peripheral corneal haze and irreg- 


ularity due to the corneal edema. Note the un- 
involved superior cornea. 








Fig 2.—Retroillumination of the right eye re- 
veals orange pigmented deposits along the 
endothelial surface of the cornea. 
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Rhegmatogenous Retinal 
Detachment Treated by 
Continuous Vitreous Insufflation 


Continuous vitreous insufflation of air 
into the vitreous cavity can reattach 
rhegmatogenous retinal detachments 
in rabbits.' A pars plana cannula is 
connected to a vitrectomy air injector 
to form an intravitreal air bubble, 
which, after many hours, essentially 
fills the vitreous cavity, occludes reti- 
nal breaks, and leads to reattachment. 
This method may have the following 
advantages in patients: (1) there is di- 
rect, reliable, virtually constant occlu- 
sion of retinal breaks; (2) the number, 
size, and location of retinal breaks are 
relatively unimportant (giant tears 
and substantial proliferative retinop- 
athy are contraindications); (3) there 
is minimal dependence on patient po- 
sitioning; (4) the intraocular pressure 
is controlled; (5) surgery is simplified; 
and (6) no unapproved, nonphysiologic 
gases are used. We conducted a pilot 
study to evaluate the efficacy and 
safety of continuous vitreous insuffla- 
tion in patients. 


Report of Cases.—Our Institutional Re- 
view Board approved the study. Seven eyes 
of seven patients (three men and four wom- 
en), with a mean (+SD) age of 47 + 8.3 
years, were studied. Each patient had a 
rhegmatogenous retinal detachment un- 
likely to respond to pneumatic retinopexy 
or gas-fluid exchange (usually because of 
inferior breaks) or was unable or unwilling 
to undergo scleral buckling. Four eyes were 
phakic, two were aphakic, and one was 
pseudophakic. Three eyes with prolifera- 
tive diabetic retinopathy had undergone 
vitrectomy, one with a scleral buckle. 

In the operating room each eye under- 
went sterile pars plana placement of a 
plastic vitrectomy cannula through which 
0.06-cm tubing (Silastic, Dow Corning, Mid- 
land, Mich) had been passed. After secure 
suturing, the conjunctiva was closed 
around the tube with copious amounts of 
antibiotic ointment. The tube was then 
passed down the face under adhesive tape to 
an assembly on the chest with a 0.22-um 
filter, a three-way stopcock, and a one-way 


valve. The tubing was connected via an- 
other 0.22-um filter to a vitrectomy air 
pump set to yield an intraocular pressure of 
about 37 mm Hg. 

After surgery, patients received 250 mg 
of acetazolamide four times a day, and an- 
tibiotic drops and 0.5% timolol maleate 
twice a day. They were instructed to assume 
the face-down position for 2 minutes each 
hour. Cryopexy or laser therapy preceded 
removal of the cannula by at least 1 day in 
all but two patients. Throughout the proce- 
dures, patients were hospitalized (about 3 
days). 

A large bubble formed in each eye in 1 to 
2 days, which led to reattachment of the 
retina. The re-formed vitreous appeared 
surprisingly normal after bubble dissipa- 
tion. Four retinas remained attached. In 
two of these successful cases, pneumatic 
retinopexy had failed. Three eyes developed 
second retinal detachments within several 
days. One of these patients had acquired 
immunodeficiency syndrome with severe 
cytomegalovirus retinitis and refused al- 
ternative surgery both before and after in- 
sufflation. The second patient had diabe- 
tes, had previously undergone vitrectomy, 
and had severe cardiac disease that pre- 
cluded more invasive surgery. Poor pupil- 
lary dilation and lens opacities prevented 
laser therapy for posterior breaks through 
the bubble. In the third patient, the cannula 
was removed the day of laser treatment; 
scleral buckling produced reattachment. 

The duration of follow-up was 8.1 + 3.2 
months. Complications included lens opac- 
ities in two patients and late-onset cystoid 
macular edema in one patient. There were 
no new retinal breaks, subretinal air, infec- 
tions, wound problems, cannula avulsions, 
proliferative vitreoretinopathy, flat ante- 
rior chambers, or hemorrhage. 


Comment.—Continuous vitreous in- 
sufflation can reattach the retina in 
patients with rhegmatogenous retinal 
detachment. Human eyes generally 
tolerate the procedure. Redetachment 
appeared to be related to inadequate 
chorioretinal adhesion around the ret- 
inal breaks or to complicated detach- 
ments. After more is learned about the 
technique and case selection, this 
method may acquire a role in the 
treatment of rhegmatogenous retinal 
detachment. 

NORMAN P. BLAIR, MD 
Chicago, Ill 
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Introducing STORZ 
PREMIERE SmallPort Phaco 
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Where Technique And 
Technology Go Hand In Hand 


Standard phaco needle 
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P y y SmallPort™ needle 


Unique “small port” design allows increased aspi- 
ration levels while decreasing need for phaco power. 
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Linear vacuum precisely controls the nucleus. 
Greater needle area results in efficient ultrasound. 


The reliable STORZ PREMIERE™ Microsurgical Sys- 
tem—A new standard in phaco control technology. 


Storz fulfills the promise of 
phacoemulsification. . . 


More than any other surgical innovation, 
phacoemulsification has revolutionized the art 
and science of cataract extraction. Now Storz 
Ophthalmics introduces a major breakthrough 
in phaco. PREMIERE SmallPort™ Phaco Micro- 
surgical System—an innovation that decreases 
the need for total phaco power by utilizing full 
range Venturi aspiration and maximizing 
acoustic power efficiency. 


The new PREMIERE SmallPort™ Phaco System 
is unique in that one handpiece may be used 
for the entire phaco procedure—from emulsify- 
ing the hard nucleus or aspirating a soft 
nucleus to cortical cleanup and polishing the 
capsule. There’s no need to exit and reenter 
the eye with a second instrument. 


The revolutionary SmallPort™ Phaco is availa- 
ble exclusively on the STORZ PREMIERE. The 
PREMIERE, the most advanced and reliable 
microsurgical system available, features precise 
Venturi pump technology for the maximum 

in surgeon control. With PREMIERE, you can 
finally perform phacoemulsification at its 

full potential. 


The Single Source for Small Incision Surgery™ 


Call 1-800-325-9500 for more information. 





$8.7 Billion in Medicare Savings 


to Come From Physician Fees 


Washington, DC.—After much debate and contro- 
versy, Congress finally approved a 5-year budget plan 
on October 27, 1990, that will total $34 billion in govern- 
mental savings. Of that $34 billion, $8.7 billion will come 
from cuts in Medicare physician fees. 

Essentially, the budget plan holds Medicare benefi- 
ciaries’ premiums and deductibles to about $9 billion 
through 1995 and takes most of its savings from health 
care providers by: 

1. Reducing payments on all Medicare claims by 2% 
from November 1, 1990, through December 31, 1990. 

2. Raising Medicare rates for primary care visits by 
2% on January 1, 1991, and eliminating Medicare's 
inflation adjustment for all other medical services. 

3. Eliminating half of the remaining difference be- 
tween current and expected resource-based relative 
value scale (RBRVS) prices for 36 previously identified 
“overvalued” procedures. The “overvalued” label will 
be extended to many other medical services, and pay- 
ment for these services will be cut by 6.5%. All cuts are 
effective January 1, 1991. (Among the 36 overvalued 
procedures are the general categories of eye surgery, 
lens procedures, detached retina repair, treatment of 
retinal lesion, ophthalmoscopy, and eye evaluation). 

4. Reducing payments for surgical assistants, effec- 
tive January 1, 1991. 

5. Limiting payments for technical components for 
some diagnostic tests, effective January 1, 1991. 

6. Expanding current limitations on payments to 
new physicians. 

7. Reducing Medicare payments for 60% of all medi- 
cal services while freezing payments for an additional 
20% of medical services. 

In response to the new budget plan, Cynthia Moran, 
director of the Office of Governmental Relations of the 
American Academy of Ophthalmology, commented 
that, “The only good news is that it could have been 
much worse. The physician community, in general, and 
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ophthalmologists specifically, took unnecessary hits 
once again. The budget makers were dialing for dollars, 
and as the versions went back and forth between the 
House and the Senate, the ante kept being increased as 
far as hits to the providers. 

“The beneficiaries took some considerable cuts and I 
think it is noteworthy that they have been fore- 
warned,” Moran said. Moran warned that high-income 
beneficiaries would probably be considered as targets 
in the next budget cycle, and there might also be consid- 
eration of some fundamental shifting of costs in the 
Medicare program. 

“In general, everybody is still sorting out what hap- 
pened and how it will impact their practice,” Moran 
surmised. “To some degree, ophthalmologists have 
been inured to the project because they have been on 
the receiving end in past reconciliation bills as the 
primary target. It has been different the last several 
years in that all physicians and all providers have been 
targeted. Everyone is being nickeled and dimed to 
death.” 

Ophthalmologists are in a particularly vulnerable po- 
sition because their primary patient load is comprised 
mainly of Medicare-eligible patients. “My sense is that, 
as mad and angry and frustrated as ophthalmologists 
are going to get with these continuous onslaughts, 
they’re a captive audience,” Moran said. 

James S. Todd, Executive Vice President of the 
American Medical Association, also stated that, over- 
all, “this did not turn out anywhere near as badly as it 
might have” (Am Med News. November 9, 1990). Todd 
pointed out that several provisions intended to reduce 
Medicare hassles made it into the final bill, while two 
particularly despised administration provisions were 
rejected. Those two provisions would have required 
certain physicians to obtain permission from Medicare 
carriers before proceeding with certain services and 
would have charged physicians a $1 user fee for every 
paper (as opposed to computer) Medicare claim filed. 

JULIE FOREMAN 


In Faciis 
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Book Reviews 


Edited by Daniel M. Albert, MD 


Providing Services for People with 
Vision Loss: A Multidisciplinary Per- 
spective, edited by Susan L. Greenblatt, 
129 pp with illus, Lexington, Mass, Re- 
sources for Rehabilitation, 1989, $19.95. 


This is a collection of chapters writ- 
ten by various professionals from the 
fields of ophthalmology and vision re- 
habilitation. Each author presents a 
particular point of view within the vi- 
sion rehabilitation continuum. The 
collection as a whole is an excellent 
overview of perspectives and clinical 
services that facilitate rehabilitation 
and adaptation of the visually im- 
paired patient. 


“'..an excellent overview of 
perspectives and clinical services 
that facilitate rehabilitation...” 


Individual chapters vary in style and 
focus. Some involve descriptions of 
specific programs or personal experi- 
ences, while others present a more 
comprehensive description of service 
programs. This diversity of perspec- 
tive is both the strength and vulnera- 
bility of the book. The authors agree on 
the need to understand how vision loss 
affects the patient, the importance of 
vision rehabilitation services, and the 
need to work with other professionals 
to establish an integrated multidisci- 
plinary and interagency approach to 
the provision of services. However, 
they disagree on who should provide 
specific services and on the specific 
models of service recommended. 

This is not a scholarly treatise, but 
an easy-to-read overview of clinical is- 
sues and service programs. It is writ- 
ten for a broad audience and offers a 
great deal of useful information to 
both the experienced clinician and the 
professional who is approaching the 
field of vision rehabilitation for the 
first time. It also provides the ophthal- 
mologist with information about the 
perspectives of other professionals and 
the specific services they provide. 

Of particular value are the chapters 
by Stanley Wainapel (“Vision Loss: A 
Patient’s Perspective”) and James 
Warnke (“Mental Health Services: 
The Missing Link”). These authors are 
professionals in the field of rehabilita- 
tion and mental health and are visu- 
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ally impaired themselves. Wainapel 
presents some of his own experiences 
and coping strategies as a visually im- 
paired physician. He clarifies the im- 
portant role ophthalmologists had in 
his successful adjustment to the pro- 
gressive stages of choroideremia. He 
also makes useful and specific sugges- 
tions about how to work with visually 
impaired patients and their families. 
Warnke does not discuss his personal 
experiences but gives an overview of 
the psychological impact of vision loss 
for patients and parents of visually 
impaired children, the types of thera- 
peutic interventions, and the ways in 
which psychotherapy can help pa- 
tients adjust to vision loss. 

Donald Fletcher (“Vision Loss: An 
Ophthalmologist’s Perspective”) un- 
derlines the ophthalmologist’s role as 
“gatekeeper.” By presenting practical 
methods for assessing the extent to 
which vision loss interferes with a pa- 
tient’s ability to function and the 
unique role the ophthalmologist can 
play in guiding the patient to the best 
rehabilitation options, he underscores 
the ophthalmologist’s ability to give 
patients a future with hope even when 
medical technology provides no an- 
swers. 

The chapters on low-vision pro- 
grams, types of rehabilitation services, 
and self-help groups are very well 
written and provide both useful over- 
views and specific resources. The ap- 
pendixes provide a listing of state 
agencies, a comprehensive discussion 
of aids and techniques, and a glossary 
of often-used terms. 

There are some minor problems 
with this book. Unfortunately, the ap- 
pendix titled “Services and Products” 
is actually a section of advertisements 
rather than a compendium of useful 
agencies and devices. The format pro- 
vided for reporting legal blindness (il- 
lustration 2, chapter 6) is only useful 
when the patient does not want ser- 
vices. It does not document the psy- 
chological or social needs of patients 
who want services and consequently 
will not facilitate engaging the state 
agency as a service provider. The edi- 
tor has done a good job establishing 
an interdisciplinary perspective. How- 
ever, her own chapter on the need for 
coordinated care is overly critical in its 


style and runs the risk of losing some 
readers. The book also would have 
benefitted from an expanded discus- 
sion of family intervention strategies 
and ways of helping a family adjust to 
vision loss, role changes, and the reha- 
bilitation process. All in all, however, 
this book is an excellent documenta- 
tion of the state of the art of vision 
rehabilitation and a useful, well-re- 
searched, and well-written addition to 
the literature. 

FRANCES Nason, MSW, LICSW 

Boston, Mass 


Professional’s Guide to Patient 
Drug Facts, For Improved Patient 
Counseling, no illus, Philadelphia, Pa, JB 
Lippincott, 1989, $59.95 subscription for 
first year; renewal is $39.95 for four 
quarterly updates. 


Too often, the hectic pace of the cli- 
nician’s practice leaves little time for 
adequate patient education regarding 
the proper use of new or ongoing med- 
ications. It is this void that The Pro- 
fessional’s Guide to Patient Drug Facts 
attempts to fill. The objectives of the 
Guide, clearly and concisely stated in 
the introduction, are twofold. First, 
the Guide seeks to “provide informa- 
tion for health care providers to tell 
patients what they need to know about 
their medications.” Second, the Guide 
seeks to “provide a standardized, con- 
cise format for patient instruction and 
learning....” A series of drug mono- 





“The index... makes the Guide 
extremely accessible.” 





graphs intended for dissemination by 
health care providers to patients, the 
Guide presents the requisite informa- 
tion in readily understandable lan- 
guage, free of any confusing medical 
jargon. There is a complete, well-orga- 
nized index, including generic and 
brand names along with synonyms and 
uses. The index, revised annually, 
makes the Guide extremely accessible. 
Another strength is the appendix, 
which comprises supplementary list- 
ings that include suggestions for home 
medicine cabinets, as well as an exten- 
sive list of drug names that look or 
sound alike. 
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The section entitled “Ophthalmolo- 
gy Agents” is relevant to ophthalmol- 
ogists; it begins with general guide- 
lines for topical therapy. The presen- 
tation is clear and concise, covering 
details that are critical for adequate 
drug absorption and effect. The re- 
mainder of the section consists of 
monographs covering the drugs. The 
monographs are organized and read- 
able. The drugs are listed by chemical 
names followed by brand names. Since 
the index contains both naming sys- 
tems, this listing is adequate. Each 
monograph explains drug type, as well 
as basic mechanisms of action, in un- 
derstandable language. Although the 
absolute and relative contraindica- 
tions are clearly listed, the Guide tends 
to blur the distinction between them 
by overstating the former. The only 
other limitations that the monographs 
tend to share involve the “User’s” sec- 
tion. By identifying “unlabeled” uses 
(those not officially sanctioned by the 
Food and Drug Administration), the 
section more accurately reflects the 
“state of the art.” Unfortunately, sev- 
eral monographs omit certain unla- 
beled uses (eg, the use of phospholine 
iodide in accommodative esotropia). 
Potential drug interactions are clearly 
and extensively listed, as are side ef- 
fects. One of the strengths of the 
monographs is the closing section, 
“Guidelines for Use.” This section pro- 
vides helpful hints regarding the most 
frequent side effects and how to mini- 
mize them, as well as proper storage 
instructions. 

The monographs cover the various 
classes of topical glaucoma medica- 
tions, vasoconstrictor mydriatics, cy- 
cloplegic mydriatics, corticosteroids, 
antibiotics, combination steroid-anti- 
biotics, antifungal and antiviral 
agents, Cromolyn, and topical nonste- 
roidal agents. They close with exten- 
sive compendia of dry-eye and contact 


Videotapes Received 


The following is a list of Continuing Ophthalmic Video 
Education (COVE) videotapes from the American Academy 
of Ophthalmology. Each tape costs approximately $65 for 
Academy members, $85 for nonmembers. To order, contact 
Kevin Stepelton, Program Coordinator, COVE Tapes, 
American Academy of Ophthalmology, 655 Beach St, PO 
Box 7424, San Francisco, CA 94120-7424. 
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lens care products. Given the propor- 
tion of the over-the-counter market 
that these agents represent, as well as 
the proliferation of similar but dis- 
tinct products, the length of these 
monographs seems justified. 

The Professional Guide to Patient 
Drug Facts, patterned after a related 
manual, Patient Drug Facts, is de- 
signed to stand independently for the 
health care provider as a guide in 
proper instruction of the patient. By 
its nature, there is redundancy in the 
specific material. Also, the Guide con- 
tains a preponderance of information 
regarding medications the ophthal- 
mologist would rarely be called on to 
prescribe, thus increasing the effective 
cost for the relevant information. Pri- 
marily, it is the format, designed to 
maximize the quality of doctor/pa- 
tient communication, that distin- 
guishes the Guide. It should not be 
used as a tool to reduce the time 
allowed for each patient, but is a wor- 
thy acquisition for the practitioner 
who feels less than satisfied with his or 
her patient counseling. 

JEFFREY LAMKIN, MD 
Boston, Mass 


The Visual Fields: Text and Atlas of 
Clinical Perimetry, 6th ed, by David O. 
Harrington and Michael V. Drake, 405 pp 
with illus, St Louis, Mo, CV Mosby Co, 
1990, $56.95. 

The sixth edition of The Visual 


Fields is long overdue. In the 9 years 
since the fifth edition was published, 


“The sixth edition...is long 
overdue.” 


the field of perimetry has seen major 
changes with the widespread use of 
automation. 


Name of Tape 
Fluorescein Angiography 


In this text, the authors provide ex- 
cellent instruction on the principles of 
perimetry and build on this foundation 
with detailed illustrations and clearly 
worded explanations. They run the 
gamut from the simplest confronta- 
tion field to some of the most sophisti- 
cated computer-aided visual field tests 
with authoritative ease. 

The organization of the text makes it 
particularly useful to the field-testing 
novice seeking an introduction to this 
discipline and to the specialist looking 
to enhance his or her understanding of 
the most recent advances. The refer- 
ences are exhaustive and contain not 
only those papers dealing with recent 
innovations and nuances within the 
field, but also those papers of historical 
significance that laid the groundwork 
for the field as we know it today. 

This is an invaluable reference for 
any ophthalmologist who orders visual 
field tests routinely. 

Douc Scott, MD 
Boston, Mass 


Books Received 


A Synopsis of Ophthalmology, 5th ed, by J. L. C. 
Martin-Doyle and Martin H. Kemp, 284 pp, Bristol, 
England, John Wright and Sons Ltd, 1990. 


Atlas of Primary Eyecare Procedures, by M. 
Fingerett, L. Casser, and H. T. Woodcome, 292 pp 
with illus, East Norwalk, Conn, Appleton & Lange, 
1990, $79.95. 


Principles and Practice of Pediatric Ophthal- 
mology, by A. A. Rosenbloom and M. W. Morgan, 608 
pp with illus, Philadelphia, Pa, JB Lippincott, 1990, 
$59.50. 


St Anthony’s ICD-9-CM Specialty Code Book 
Ophthalmology 1990, edited by Marleeta K. Jones, 
Kathy L. Brouch, Charlotte R. Bowers, and Karen H. 
Kachur, 48 pp, Alexandria, Va, St Anthony's Publish- 
ing, 1989, $59. 


Clinical Procedures for Ocular Examination, by 
Nancy B. Carlson, Daniel Kurtz, David A. Heath, and 
Catherine Hines, 241 pp with illus, East Norwalk, 
Conn, Appleton & Lange, 1990. 


Jay L. Federman, MD 


Glaucoma Filtration Surgery: 


Trabeculectomy and Variations 


Mark S. Evans 


Management of Combined 
Cataract and Glaucoma 


E. Michael Van Buskirk, MD 
Fundus Photography 
Patrick Wallace 


Year Number 
1975 5004 
1988 025076 
1989 025086 
1989 025084 


Richard P. Wilson, MD 
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Strabismus Surgery: Rectus 
Recession and Resection 
Ronald L. Price, MD 
Trauma to the Orbit, Eyelids, and 
Lacrimal System 
Arthur Grove, Jr, MD 
Bartley R. Frueh, MD 
J. Justin Older, MD 
Charles R. Leone, Jr, MD 
Highlights of the 1988 Academy: 
Vol Il: Intraocular Lens 
Removal: Indications and 
Techniques; Clinical 
Management of Retinopathy 
of Prematurity; and 
Post Operative Endophthalmitis 
American Academy of 
Ophthalmology 
Strabismus Surgery: Oblique 
Procedures 
Ronald L. Price, MD 
Angle-Closure Glaucoma 
Donald S. Minkler, MD 
Aphakic Spectacles in 
Perspective 
David Guyton, MD 
Laser Therapy in Glaucoma: 
Techniques of Laser 
Trabeculoplasty 
and Laser Iridectomy 
Martin Wand, MD 
M. Bruce Shields, MD 
Robert Ritch, MD 
Introduction to First Assisting in 
Cataract Surgery 
Paul J. Wasson, MD 
Ethics 
Ethics Committee of the American 
Academy of Ophthalmology 
Hightlights of the 1987 Academy: 
Vol 1, Part 1: 
AIDS: Clinical Ocular Diagnosis 
and Management; Cataract 
Surgery Complications: 
Treatment of the Ruptured 
Posterior Capsule; Argon Laser 
Trabeculoplasty: 
Long-term Results and 
Treatment; and Herpes Simplex: 
New Development in Diagnosis 
and Treatment 
American Academy of 
Ophthalmology 
Highlights of the 1987 Academy: 
Vol 1, Part 2: A Comparison 
of Retrobulbar and Periocular 
Anesthesia; Eye Protection 
in Sports; and Postoperative 
Astigmatism: Prevention 
and Management 
American Academy of 
Ophthalmology 
Ectropion and Entropion Repair 
of the Lower Lid 
Ralph E. Wesley, MD 
A-Scan Biometry 
Sandra Frazier Byrne 
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Neodymium: YAG Laser Therapy 

Roger F. Steinert, MD 

Douglas E. Gaasterland, MD 

Carmen Puliafito, MD 
Indirect Ophthalmoloscopy of 
Peripheral Retina/Contusion of 
Retina 

Robert Watzke, MD 
Neuro-Ophthalmic Examinations 
and Ocular Motility Disorders 

Robert D. Yee, MD 
Phacoemulsification—A Basic 
Technique 

Paul L. Wright, MD 
Technique and Complication of 
Penetrating Keratoplasty 

Robert S. Feder, MD 

Mark Mandel, MD 

Jay H. Krachmer, MD 
Goldmann Applanation 
Tonometry 

Richard A. Lewis, MD 
Photocoagulation for Diabetic 
Macular Edema 

The Early Treatment Diabetic 

Retinopathy Study Research 
Group 

Retinoscopy: Plus Cylinder 
Technique 

David L. Guyton, MD 
Subjective Refractions: 
Cross Cylinder Technique 

David Guyton, MD 
Neuro-Ophthalmic Motility 
Disorders 

Myles Behrens, MD 
Highlights of the 1989 Academy: 


Vol Ill: 
Molteno Implant Surgery, 
Ronald L. Fellman, MD 
Botulinum Toxin in Management 
of Facial Spasm 
Bartley R. Frueh, MD 
Contact Lens Update 
Jack Hartstein, MD 
Ocular Manifestations of Lyme 
Disease 
Louise D. Pizzarello, MD 
Cosmetic Blepharoplasty 
Allen M. Putterman, MD 
Clinton D. McCord, Jr, MD 
Embryology of the Eye 
George Smelser, MD 
Victoria Ozanics, MD 
Low Vision Patients 
Eleanor Faye, MD 
Cataract Update: 
Techniques and Complications 
James W. Rayner, MD 
Techniques for the 
Basic Ocular Examination 
John L. Keltner, MD 
Martin Wand, MD 
Mylan R. Van Newkirk, MD 
Surgical Intervention for Cornea 
and External Disease 
Richard L. Abbott, MD 
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Questions and Answers 
Edited by Stewart MacKay Wolff, MD 


The rapid and complex advances in ophthalmic science make it difficult for us all to keep up with the many 
changes that are occurring in our specialty. The ARCHIVES solicits your questions and requests that they be 
clearly stated and reasonably focused. We cannot expect our consultants to respond to question that are too 
wide ranging and not clearly defined. Please limit your questions to five or six double-spaced lines and follow 
the guidelines put forth in our “Instructions for Authors” (readily found in any even-numbered issue of the 
ARCHIVES). A signed copyright transmittal letter to the AMA should accompany all submissions. We have 
asked our referees to limit their answers to 35 lines. Questions should be sent to Stewart M. Wolff, MD, 11 E 
Chase St, Baltimore, MD 21202. We will do our best to provide answers to all appropriate questions. 


When to Surgically Intervene in Glaucoma 


Q At what stage in the deterioration of visual acuity and/or 
visual field in cases of advanced glaucoma is there no point 
in reducing the pressure surgically? 


My general policy has been the following: if the visual 
A acuity is “counting fingers or better,” no matter how 
small the visual field, I would intervene surgically to lower 
the intraocular pressure; I would not operate if the visual 
acuity were “light perception or less.” A visual acuity of 
“hand movements” is borderline and my decision would 
depend on the case. (In every case, I assume that there is no 
significant visual loss due to clouding of the media.) One 
exception: I would operate on any patient whose visual field 
is greater than 20°, no matter what the visual acuity. 
IRVIN P. POLLACK, MD 
Baltimore, Md 


Radiation Risk in CT Scans 


Is there a measurable radiation risk in performing 
Q computed tomographic scans in children? 
ROBERT D. REINECKE, MD 
Philadelphia, Pa 


A My radiation physicist, D. P. Chakraborty, MD, 

worked out the appropriate calculation. Although the 
dose may vary, he calculated it at approximately 100 mrem 
to the bone marrow and 1.2 rem to the eye. This dosage is 
equivalent to 11 chest roentgenograms. However, the risk of 
developing cancer is so low that it is equivalent to smoking 
about 14 cigarettes in a lifetime. The 1.2 rem dose to the eye 
is very low considering that the cataract threshold is 
approximately 500 rem. Another way of looking at the risk 
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of developing cancer is that the radiation from a computed 
tomographic scan is approximately equal to the radiation 
received on a 16 000-km airplane trip. 
ROBERT I. GROSSMAN, MD 
Philadelphia, Pa 


Correcting Small Vertical Strabismus 


How do you correct a small vertical deviation that coexists 
with larger horizontal strabismus? 


Elevating or depressing both horizontal muscles in the 
A same eye can correct relatively small amounts of ver- 
tical strabismus (up to 10 or 12 prism diopters [D]. Both 
muscles are displaced in the same direction—downward to 
correct a hypertropia or upward to correct a hypotropia of 
the operated eye. Although recommendations in the liter- 
ature may vary as to the amount of displacement needed, I 
have found that displacing a pair of the horizontal muscles 
in the same eye by 1 mm results in a correction of vertical 
strabismus of 1 prism D. This scheme is generally effective 
within a 2- to 12-mm range of movement. Larger amounts 
of displacement (such as the Knapp procedure) can result 
in the correction of very large degrees of vertical strabis- 
mus, although it is difficult to correct exactly the amount of 
correction with the size of the displacement. This approach 
may be useful if the eye to be operated on is deeply am- 
blyopic and it is preferable to confine surgery to that eye 
alone. 

When the vertical deviation is small, it is often better to 
avoid operating on the vertical muscles, if possible. The time 
of surgery is reduced, one can avoid operating on both eyes, 
and the vertical muscles remain free of scarring in case 
surgery on these muscles is required in the future. 

HENRY S. Metz, MD 
Rochester, NY 


Questions and Answers 


4 


News and Comment 


Eliot L. Berson, MD, and Thaddeus 
P. Dryja, MD, Honored.—Eliot L. 
Berson, MD, and Thaddeus P. Dryja, 
MD, of the Massachusetts Eye and Ear 
Infirmary in Boston, have been selected 
by the International Society for Genetic 
Eye Diseases to receive the France- 
schetti Award. The award recognizes 
their discovery of a gene abnormality in 
human retinitis pigmentosa. The re- 
search by Drs Berson and Dryja was 
sponsored primarily by grants from the 
National Eye Institute, the Retini- 
tis Pigmentosa Foundation Fighting 
Blindness, Baltimore, Md, and the 
George Gund Foundation, Cleveland, 
Ohio. 





Eliot L. Berson, MD 





Thaddeus P. Dryja, MD 


Stuart L. Fine, MD, Named Direc- 
tor of Scheie Eye Institute.—Stuart 
L. Fine, MD, has accepted the position 
of professor and chairman of the depart- 
ment of ophthalmology at the Universi- 
ty of Pennsylvania School of Medicine 
and director of the Scheie Eye Institute 
in Philadelphia, Pa, effective January 1, 
1991. Dr Fine will hold the position 
of William F. Norris-George E. de 
Schweinitz Chair, named for the first 
two chairmen of the department. Since 
1973, Dr Fine has been on the faculty of 
the Wilmer Institute at The Johns Hop- 
kins University School of Medicine in 
Baltimore, Md. He has served as profes- 
sor of ophthalmology, director of the 


Retinal Vascular Center, and director 
of Undergraduate Education in Oph- 
thalmology at the School of Medicine. 
Dr Fine will continue to serve as study 
chairman of both the Macular Photoco- 
agulation Study and the Collaborative 
Ocular Melanoma Study. He is also on 
the editorial board of the ARCHIVES. At 
his new position, Dr Fine will have re- 
sponsibility for the ophthalmology pro- 
gram and residency at the Hospital of 
the University of Pennsylvania, the 
Scheie Eye Institute, and the Philadel- 
phia Veterans Administration Hospital. 








Obituaries 


ARONS, Milton Robert, 87, West 
Hartford, Conn; University of Mary- 
land School of Medicine, 1939; died Au- 
gust 6. 1990. 





BUSSEY, Arthur David, 77, Port 
Charlotte, Fla; Medical College of Wis- 
consin, 1935; residency, University of 
Illinois Hospital-Taylor Unit, 1942; died 
March 23, 1988. 


COOK, Raymond Clio, 85, Seattle, 
Wash; University of Arkansas College 
of Medicine, 1929; certified by the 
American Board of Ophthalmology; 
died February 1, 1989. 


DUNCAN, Frank B., 80, Amarillo, 
Tex; Texas Medical School at Galves- 
ton, 1932; certified by the American 
Board of Ophthalmology; died August 
4, 1990. 


Arch Ophthalmol—Vol 109, January 1991 


FERGUSON, Richard Noren, 53, Cas- 
per, Wyo; University of Utah School of 
Medicine, 1963; residency, University 
of Minnesota Hospital Clinic, 1971; cer- 
tified by the American Board of Oph- 
thalmology; died August 23, 1990. 


HARBERT, Fred, 85, Worton, Md; 
Wayne State University of Medicine, 
1929; residency, Naval Hospital, 1940; 
certified by the American Board of Oph- 
thalmology; died February 10, 1990. 


JACOBSON, Max Martin, 88, Chica- 
go, Ill; Northwestern University Medi- 
cal School, 1927; died September 23, 
1990. 


MANN, Mortimer, 76, Indianapolis, 
Ind; New York Medical College, 1937; 
residency, William N. Wishard Memo- 
rial Hospital, 1941; certified by the 
American Board of Ophthalmology; 
died July 8, 1990. 


OPPER, Philip, 77, Paterson, NJ; 
University of Arkansas College of 
Medicine, 1937; died September 3, 1990. 


ROBB, Joseph, 81, Hobe Sound, Fla; 
George Washington School of Medicine 
and Health Science, 1933; died Decem- 
ber 19, 1988. 


TATERKA, Harvey Burton, 59, New 
York, NY; New York University 
School of Medicine, 1956; residency, 
New York University Medical Center, 
1960; certified by the American Board of 
Ophthalmology; died July 22, 1990. 


VERSIC, Thomas Charles, 53, Cincin- 
nati, Ohio; Medical College of Wiscon- 
sin, 1962; residency, Ohio State Univer- 
sity Hospital, 1968; certified by the 
American Board of Ophthalmology; 
died June 1, 1990. 
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*Beta-1 selectivity is not absolute. 


BETOPTIC® S Sterile Ophthalmic Suspension has produced minimal 
effects in patients with reactive airway disease; exercise caution in 
treating patients with excessive restriction of pulmonary function. 
Asthmatic attacks and pulmonary distress have been reported during 
betaxolol treatment. Although rechallenges of some such patients 
with ophthalmic betaxolol have not adversely affected pulmonary 
function test results, the possibility of adverse pulmonary effects in 
patients sensitive to beta-blockers cannot be ruled out. 


PLEASE SEE BRIEF SUMMARY OF PRESCRIBING INFORMATION ON THE NEXT PAGE. 


©1991 Alcon Laboratories. Inc. 


Strength of improved 
comfort 


e Active drug is released more slowly to 
the cornea, resulting in improved 
patient comfort 


Strength of beta-1* 
safey 


e Offers the safety advantages of a selec- 
tive ocular beta-blocker 


® Does not significantly compromise heart 
rate or pulmonary function 


® CNS side effects are rarely reported 





Contraindicated in patients with sinus bradycardia, greater than a 
first degree atrioventricular block, cardiogenic shock, overt cardiac 
failure, or hypersensitivity to any component of this product. Use 
caution in treating patients with a history of cardiac failure, heart 
block, and patients receiving adrenergic psychotropic drugs or 
catecholamine-depleting drugs such as reserpine. Observe patients 
receiving an oral beta-blocker and BETOPTIC® S suspension for pos- 
sible additive effect on known systemic effects of beta-blockade. 


È ALCON LABORATORIES, INC 


FORT WORTH, TEXAS. 76134 
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BETOPTICE S betaxolol HCI) 0.25% as base Sterile Ophthalmic Suspension 


DESCRIPTION: BETOPTIC S Ophthalmic Suspension 0.25% contains betaxolol hydrochloride, a 
cardio-selective beta-adrenergic receptor blocking agent, in a sterile resin suspension formulation. 
INDICATIONS AND USAGE: BETOPTIC S Ophthalmic Suspension 0.25% has been shown to be 
effective in lowering intraocular pressure and may be used in patients with chronic open-angle 
glaucoma and ocular hypertension. It may be used alone or in combination with other intraocular 
pressure lowering medications. 

CONTRAINDICATIONS: Hypersensitivity to any component of this product. BETOPTIC S Ophthalmic 
Suspension 0.25% is contraindicated in patients with sinus bradycardia, greater than a first degree 
atrioventricular block, cardiogenic shock, or patients with overt cardiac failure 

WARNING: Topically applied beta-adrenergic blocking agents may be absorbed systemically. The 
same adverse reactions found with systemic administration of beta-adrenergic blocking agents may 
occur with topical administration. For example, severe respiratory reactions and cardiac reactions, 
including death due to bronchospasm in patients with asthma, and rarely death in association with 
cardiac failure, have been reported with topical application of beta-adrenergic blocking agents. 
BETOPTIC S Ophthalmic Suspension 0.25% has been shown to have a minor effect on heart rate and 
blood pressure in clinical studies. Caution should be used in treating patients with a history of cardiac 
failure or heart block. Treatment with BETOPTIC S Ophthalmic Suspension 0.25% should be 
discontinued at the first signs of cardiac failure. 

PRECAUTIONS: General: Diabetes Mellitus. Beta-adrenergic blocking agents should be administered 
with caution in patients subject to spontaneous hypoglycemia or to diabetic patients (especially those 
with labile diabetes) who are receiving insulin or oral hypoglycemic agents. Beta-adrenergic receptor 
blocking agents may mask the signs and symptoms of acute hypoglycemia. Thyrotoxicosis. Beta- 
adrenergic blocking agents may mask certain clinical signs (e.g., tachycardia) of hyperthyroidism. 
Patients suspected of developing thyrotoxicosis should be managed carefully to avoid abrupt 
withdrawal of beta-adrenergic blocking agents, which might precipitate a thyroid storm 
Muscle Weakness. Beta-adrenergic blockade has been reported to potentiate muscle weakness 
consistent with certain myasthenic symptoms (e.g., diplopia, ptosis and generalized weakness). 
Major Surgery. Consideration should be given to the gradual withdrawal of beta-adrenergic blocking 
agents prior to general anesthesia because of the reduced ability of the heart to respond to beta- 
adrenergically mediated sympathetic reflex stimuli. Pulmonary. Caution should be exercised in the 
treatment of glaucoma patients with excessive restriction of pulmonary function. There have been 
reports of asthmatic attacks and pulmonary distress during betaxolol treatment. Although 
rechallenges of some such patients with ophthalmic betaxolol has not adversely affected pulmonary 
function test results, the possibility of adverse pulmonary effects in patients sensitive to beta blockers 
cannot be ruled out. Drug Interactions: Patients who are receiving a beta-adrenergic blocking agent 
orally and BETOPTIC S Ophthalmic Suspension 0.25% should be observed for a potential additive 
effect either on the intraocular pressure or on the known systemic effects of beta blockade. Close 
observation of the patient is recommended when a beta blocker is administered to patients receiving 
catecholamine-depleting drugs such as reserpine, because of possible additive effects and the 
Production of hypotension and/or bradycardia. Betaxolol is an adrenergic blocking agent; therefore, 
caution should be exercised in patients using concomitant adrenergic psychotropic drugs. Ocular: In 
patients with angle-closure glaucoma, the immediate treatment objective is to reopen the angle by 
constriction of the pupil with a miotic agent. Betaxolol has little or no effect on the pupil. When 
BETOPTIC S Ophthalmic Suspension 0.25% is used to reduce elevated intraocular pressure in angle- 
closure glaucoma, it should be used with a miotic and not alone. Carcinogenesis, Mutagenesis, 
Impairment of Fertility: Lifetime studies with betaxolol HCI have been completed in mice at oral 
doses of 6, 20 or 60 mg/kg/day and in rats at 3, 12 or 48 mg/kg/day; betaxolol HCI demonstrated no 
carcinogenic effect. Higher dose levels were not tested. In a variety of in vitro and in vivo bacterial and 
mammalian cell assays, betaxolol HCI was nonmutagenic. Pregnancy: Pregnancy Category C. 
Reproduction, teratology, and peri- and postnatal studies have been conducted with orally 
administered betaxolol HCI in rats and rabbits. There was evidence of drug related postimplantation 
loss in rabbits and rats at dose levels above 12 mg/kg and 128 mg/kg, respectively. Betaxolo! HC! was 
not shown to be teratogenic, however, and there were no other adverse effects on reproduction at 
subtoxic dose levels. There are no adequate and well-controlled studies in pregnant women. 
BETOPTIC S should be used during pregnancy only if the potential benefit justifies the potential risk to 
the fetus. Nursing Mothers: It is not known whether betaxolol HCI is excreted in human milk. Because 
many drugs are excreted in human milk, caution should be exercised when BETOPTIC S Ophthalmic 
Suspension 0.25% is administered to nursing women. Pediatric Use: Safety and effectiveness in 
children have not been established. 

ADVERSE REACTIONS: Ocular: In clinical trials, the most frequent event associated with the use of 
BETOPTIC S Ophthalmic Suspension 0.25% has been transient ocular discomfort. The following other 
conditions have been reported in small numbers of patients: blurred vision, corneal punctate keratitis, 
foreign body sensation, photophobia, tearing, itching, dryness of eyes, erythema, inflammation, 
discharge, ocular pain, decreased visual acuity and crusty lashes. Additional medical events reported 
with other formulations of betaxolol include allergic reactions, decreased corneal sensitivity, edema 
and anisocoria. Systemic: Systemic reactions following administration of BETOPTIC S Ophthalmic 
Suspension 0.25% or BETOPTIC Ophthalmic Solution 0.5% have been rarely reported. These include: 
Cardiovascular: Bradycardia, heart block and congestive failure. Pulmonary: Pulmonary distress 
characterized by dyspnea, bronchospasm, thickened bronchial secretions, asthma and respiratory 
failure. Central Nervous System: Insomnia, dizziness, vertigo, headaches, depression, and lethargy. 
Other: Hives, toxic epidermal necrolysis, hair loss, and glossitis. 

OVERDOSAGE: No information is available on overdosage of humans. The oral LD50 of the drug 
ranged from 350-920 mg/kg in mice and 860-1050 mg/kg in rats. The symptoms which might be 
expected with an overdose of a systemically administered beta-1-adrenergic receptor blocking agent 
are bradycardia, hypotension and acute cardiac failure. A topical overdose of BETOPTIC S Ophthalmic 
Suspension 0.25% may be flushed from the eye(s) with warm tap water. 

CAUTION: Federal (USA) Law Prohibits Dispensing Without a Prescription. 

U.S. Patent Nos. 4,252,984; 4,311,708; 4,342,783:4,911,920. 
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The new OMNI 1 System was designed by === 
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places all your instruments and work/ 
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more than a quarter turn of your chair! 

You remain comfortably seated through- 
out the entire examination process, with- 
out having to work across or turn your 
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A dual-pole instrument delivery system 
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instrument conflict common to single- 
pole systems. Counter-balanced refractor and 
slit-lamp arms ride on precision roller bearings 
for smooth, quiet operation and pinpoint align- 
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locks solidly into place with a single control. 


Call Isell Diversatronics at 1-800-523-0265 
to discover the one-sided advantage that puts 
total efficiency at your fingertips. 


The OMNI 1 system is available in right or left-handed models 
and includes: The choice of a full power or power/manual tilt 
chair; Pneumatic doctor chair with back support; Dual-pole 
instrument console with refractor arm, slit-lamp arm, adjustable 
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molded fiberglass sink; Overhead cabinet with task lighting and 
Wall screen with standard fixation targets. 
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Editorials 


+ The Association of University 


Professors of Ophthalmology 


Facilitation and Interaction 


Fe the past 2 years the ARCHIVES has detailed the 
changes occurring in the Association of Univer- 
sity Professors of Ophthalmology (AUPO).'” Those 
changes continue. The AUPO Board of Trustees was 
expanded to 10 members effective April 1, 1990, and 
now includes two trustees representing the affiliate 
members (chairs of nonuniversity departments of 
ophthalmology that house accredited residencies). 
The new affiliate trustees are Froncie A. Gutman, MD, 
of Cleveland, Ohio, and Irvin P. Pollack, MD, of Bal- 
timore, Md. The newly elected member trustee is 
Thomas A. Weingeist, MD, PhD, of Iowa City, Iowa. 
The president of the AUPO is Morton F. Goldberg, 
MD. 


See also p 41. 


The AUPO has also welcomed 28 new associate 
members, who are officially designated residency 
program directors, but who do not chair their depart- 
ments. These people share the educational mission of 
the AUPO and provide an important perspective. 

The administration of the organization and inter- 
professional relations are now conducted through my 
office in Seattle, Wash, while management services 
for membership, finance, and annual meetings are 
provided by the Association Management Services 
Division of the American Academy of Ophthalmology 
in San Francisco, Calif. Modern communication de- 
vices make such a separation between a chief operat- 
ing officer and staff of little consequence. 

The AUPO gains its strength from its membership 
rather than from official organizational status. The 

purpose of the organization is to strengthen depart- 
~ ments of ophthalmology and thereby enhance educa- 
tion, research, and patient care to assure the best vi- 
sion for the public. The AUPO seeks to further its 
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purpose by facilitating progress through interaction 
with other organizations. 

At its February 1990 meeting, the AUPO unani- 
mously adopted a policy about medical student edu- 
cation. This policy specifies the ophthalmic knowledge 
and skills important to the medical practice of all 
physicians together with the background on which 
the policy is based and the general curricular guide- 
lines to permit its implementation. The policy state- 
ment is being distributed to medical educators na- 
tionally, and it is hoped that medical education and 
the public eventually will benefit. Copies of the policy 
statement are available from the AUPO, PO Box 369, 
San Francisco, CA 94101-0369. 

For the past 3 years the AUPO has sponsored an 
informal meeting of representatives of subspecialty 
societies to discuss issues in fellowship training. 
Concurrently, there has been a marked increase in 
participation by both fellowship programs and appli- 
cants in the Ophthalmology Fellowship Match, which 
gives fellowship applicants the same advantage to 
obtain the best possible training that is provided by 
the highly successful Ophthalmology Matching Pro- 
gram for residency applicants. Fellowship matches 
now will be conducted in November of the final year 
of residency training, thereby allowing residents suf- 
ficient time to make an informed choice of subspe- 
cialty and faculty members sufficient experience with 
their residents to provide valid letters of recommen- 
dation. Little sentiment has been expressed for offi- 
cial accreditation of subspecialty training, but some 
subspecialty societies have begun to develop guide- 
lines that may help applicants compare potential fel- 
lowship experiences. 

The February 1990 annual meeting of the AUPO 
was a remarkable event. A Sunday research sympo- 
sium brought together top-ranking representatives of 
government and industry with a well-known ethicist 
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and a university chancellor to discuss interactions 
that would benefit the public through enhanced de- 
velopment and prompt release of new ophthalmic 
drugs and devices. A special offering of the National 
Eye Institute Clinical Research Course was organized 
by the AUPO and attended by the AUPO membership 
during the 4 days preceding the 1990 annual meeting. 

The duration of residency training in ophthalmol- 
ogy has been a perennial AUPO meeting topic. There 
was general consent at the 1990 meeting that accred- 
iting bodies and their parent organizations should al- 
low those programs wishing to extend training (be- 
yond the minimum requirement of 3 years following 
internship) to do so if there is adequate educational 
justification. 

Other annual meeting topics included ethics in 
ophthalmology, issues related to the matching pro- 


grams, and research in the assessment of clinical 
outcomes. 
The AUPO continues to evolve and to provide a 
useful forum for its members and their constituents. 
RoBERT E. KALINA, MD 
Executive Vice President 
Association of University 
Professors of Ophthalmology 
Seattle, Wash 
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Topically Active Carbonic Anhydrase 


Inhibitors for Glaucoma 


he carbonic anhydrase inhibitor, Diamox, is an ef- 

fective agent in lowering intraocular pressure in 
man when administered in oral doses of 500 to 1000 mg.” 
This one sentence summarized a 21/2 page initial article 
on this subject written by a single author, Bernard 
Becker, in 1954.' A year later, Green and Leopold? 
noted that acetazolamide given subconjunctivally to 
rabbits did not reduce intraocular pressure. Thus be- 
gan a 35-year search for an active topically adminis- 
tered carbonic anhydrase inhibitor, a search character- 
ized by stops and spurts, one that is reaching fruition 
thanks largely to the efforts of Thomas Maren of the 
University of Florida. 


See also pp 46 and 50. 


Systemically administered carbonic anhydrase inhib- 
itors, even when properly utilized in the lowest dose 
possible to achieve the therapeutic goal in each patient 
with glaucoma, produce a well-known litany of side 
effects, including paresthesias, gastrointestinal upset, 
weight loss, fatigue, depression, impotence, genitouri- 
nary calculi, and anemia, to name just a few. Early 
attempts at obviating these noxious side effects by 
topical application of the clinically utilized systemic 
carbonic anhydrase inhibitors report insufficient reduc- 
tion of intraocular pressure.** Nevertheless, utilizing a 
variety of techniques to enhance bioavailability, signifi- 
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cant ocular hypotension is noted in some later trials,** 
which spurred on a host of ophthalmic investigators. A 
recent review by Higginbotham’ summarizes the 
search for a topically active carbonic anhydrase inhibi- 
tor through the introduction of the first promising com- 
pound for clinical use, MK-927. 

Within the last 4 years, three thieno-(2,3-6)-thio- 
pyran-2-sulfonamide derivatives, MK-927, MK-417, 
and MK-507 (L-671,152), have been introduced that are 
topically active, ocular hypotensive agents. MK-417 is 
the S-enantiomer of the racemic mixture of MK-927. 
These carbonic anhydrase inhibitors are soluble in wa- 
ter in concentrations up to 2%," and on topical applica- 
tion produce systemic drug levels that are too small to 
be associated with systemic side effects." A variety of 
investigations have been carried out in animals with 
these compounds. MK-927 reduces intraocular pres- 
sure in rabbits”” and in monkeys with argon laser-in- 
duced glaucoma. MK-507 (L-671, 152) produces an ocu- 
lar hypotensive response in the glaucoma monkey 
model” that is of greater magnitude and longer dura- 
tion than that produced by MK-927." The decrease of 
intraocular pressure induced by MK-507 is completely 
accounted for by the reduction of aqueous humor pro- 
duction as measured fluorophotometrically in normal 
monkeys." Thus, the mechanism of action by which 
MK-507 lowers intraocular pressure is consistent with 
current concepts of how the systemically administered, 
clinically utilized carbonic anhydrase inhibitors reduce 
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intraocular pressure. 

A multitude of clinical studies with the MK group of 
drugs have been carried out and reported on at various 
meetings, in abstracts, and in the peer-reviewed litera- 
ture. Many of these have been reviewed recently." 
Much of the initial and now published work has involved 
MK-927. The first study, published in 1988," docu- 
ments a 30% reduction of intraocular pressure in nor- 
mal volunteers after three doses of MK-927. Similar 
studies indicate similar results in patients with ocular 
hypertension.”*" 

Single-dose™ and 14-day, twice-a-day, multiple- 
dose* (elsewhere in this issue) investigations report 
dose-response relationships from 0.5% to 2.0% concen- 
trations of MK-927 in patients with glaucoma or ocular 
hypertension. To our knowledge, the longest trial of 
twice daily applications of MK-927 to patients’ eyes has 
been 6 weeks, as reported at the 1990 American Acade- 
my of Ophthalmology annual meeting in Atlanta, Ga 
(J. B. Serle, J. S. Lustgarten, E. A. Lippa, et al). 
Although no substantial ocular or systemic side effects 
were found in this study, the local inhibition of carbonic 
anhydrase in anterior segment tissues raises some con- 
cern with respect to ocular toxicity that will require 
longer-term studies in more patients. 

MK-417, the S-enantiomer of MK-927, is a more po- 
tent carbonic anhydrase inhibitor in vitro, and has been 
compared with the parent compound in single-dose” 
and twice-a-day, multiple-dose” (elsewhere in this is- 
sue) studies in patients. No significant difference in 
efficacy has been demonstrable comparing these two 
agents, although there is a trend toward greater MK- 
417 activity. 

The duration of action of MK-927 and MK-417 ap- 
pears to be up to 12 hours. However, the efficacy of 
intraocular pressure reduction after 8 hours suggests 
that dosing three times a day may be necessary. L- 
671,152 (MK-507) has a longer duration of action than 
MK-927 in preclinical studies.” No clinical investiga- 
tions of MK-507 have been published yet, although 
several papers have been presented at meetings. As 
reported at the Glaucoma Symposium during the 1990 
International Congress of Ophthalmology in Singa- 
pore, very short-term application of MK-507 to normal 
(H. Hofmann, E. Lippa, B. Feicht, et al) and ocular 
hypertensive or glaucoma (E. Lippa, R. Laibovitz, 
C. Clineschmidt) patients reduces intraocular pres- 
sure. 

A comparison of 1.8% MK-417 and 2.0% MK-507 
given twice a day for 6 days to patients with glaucoma, 
as reported at the 1990 annual meeting of the Associa- 
tion for Research in Vision and Ophthalmology, sug- 
gests that both drugs are equivalent in efficacy and both 
compounds have a duration of clinical action less than 12 
hours.” A similar study comparing these two agents 
was reported at the 1990 annual meeting of the Ameri- 
can Academy of Ophthalmology (R. N. Weinreb, M. A. 
Kass, E. A. Lippa, et al), except thrice-daily treatment 
was an additional variable. The results indicate that 
MK-507 may be more active than MK-417 and that 
these agents, probably administered every 8 hours, 
may soon be used in the treatment of glaucoma. 
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The story of carbonic anhydrase, its inhibition, the 
eye, and glaucoma” represents a fascinating example of 
the excitement and synergism of blending basic and 
clinical science and research. An enzyme (carbonic an- 
hydrase) exists in the eye, a related ion (bicarbonate) is 
present in the aqueous humor, a drug (acetazolamide) 
inhibits the enzyme, intraocular pressure can be re- 
duced by systemic administration of that drug, side 
effects occur and are limited by the designing of new 
inhibitors with better transcorneal permeability and 
solubility characteristics. 


STEVEN M. Popos, MD 
JANET B. SERLE, MD 
New York, NY 


The authors have no financial or proprietary interests in the drugs 
mentioned in this editorial. 
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Special Article 


Vision Research in Departments 


of Ophthalmology 


An Association of University Professors of Ophthalmology Perspective 


è A research committee of the Association of University Pro- 
fessors of Ophthalmology disseminated a survey questionnaire 
to determine the state of research in departments of ophthalmol- 
ogy across the United States. The questionnaire contained 71 
questions that were designed to assess attitudes and trends 
within members’ departments and to solicit suggestions from 
the membership. Of the 145 members and affiliates queried, 140 
responded. While the results of the survey indicate significant 
diversity among departments, departmental chairpersons view 
research as a major priority in the goals of their departments, and 
they envision maintenance or expansion of research over the 
next decade. The survey results have been collated and serve 
now as the basis for this Association of University Professors 
position article. 

(Arch Ophthalmol. 1991 ;109:41-45) 


he Association of University Professors of Ophthal- 

mology (AUPO) represents 145 departments of 
ophthalmology in the United States and constitutes an 
important segment of the vision research community. 
Its members, most of whom are chairpersons of depart- 
ments of ophthalmology, are concerned not only with 
research, but also with maintaining the research envi- 
ronment; they must address issues such as space, facul- 
ty, salaries, tenure commitments, ethical conduct, and 
accountability as to how funds are spent. 





For editorial comment see p 37. 





The AUPO focuses on three important areas through 
its members’ ophthalmology training programs: medi- 
cal education, patient care, and research. The AUPO is 
a diverse group and its members have historically pre- 
sented divergent opinions regarding the role their indi- 
vidual departments should play. The AUPO acknowl- 
edged that it did not have enough information about its 
member departments of ophthalmology. In an effort to 
assess the state of members’ departments, the AUPO 
established a research committee under the direction of 
Stephen J. Ryan, MD. The committee disseminated a 
survey questionnaire to determine the state of research 
in departments of ophthalmology across the United 
States in 1988. The document’s 71 questions were de- 
signed to assess attitudes and trends within members’ 
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departments and to solicit suggestions from the mem- 
bership. In doing so, the committee sought to discover 
how best to improve the components of basic science 
research, clinical research, and research education 
within members facilities. 


MATERIALS AND METHODS 


The questionnaire was composed by the members of the 
AUPO research committee, each of whom submitted a list of 
questions that they believed would best inform the AUPO 
about its members. These questions were reviewed by the 
research committee and became the basis of the AUPO ques- 
tionnaire. Because of the sensitivity of asking departments’ 
dollar amounts, yet facing the need to garner as much accu- 
rate information as possible, the research committee devised 
questions that would supply percentage profiles regarding 
funding for research efforts. 

The questionnaire had five components: departmental in- 
formation, basic science, clinical science, chairperson atti- 
tudes, and resource allocation. Some of the most helpful 
responses to the surveyors’ questions were contained within 
the written messages and suggestions from AUPO members 
and affiliates. The data available for department profiles were 
further enhanced by the responses of 109 administrators who, 
on behalf of departments, provided an administrative per- 
spective regarding resource allocation in the final section of 
the survey. 

A staff member from the University of Southern Califor- 
nia, Los Angeles, Department of Education, tabulated the 
results of the survey and supplied the statistical data reported 
herein. 


RESULTS 
Response to the Questionnaire 


One hundred twelve chairpersons were queried, and 
108 responded. Of the 33 affiliates surveyed, 32 re- 
sponded. Additionally, 109 administrators responded 
to this survey. Thus, from a total of 145 members and 
affiliates, the committee received 140 completed re- 
sponses, a return rate of 96%. This high return rate 
attests to the AUPO members interest in and commit- 
ment to vision research. 


Program Profiles 


Of the 140 programs responding, 17 
programs. Of the 123 programs with’ 
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Fig 1.—Space allocation in member de- 
partments ranged from 0 to 19 589 m*; 
median net, 1035 m*; mean, 1890 m°. 











[%9] 

$ 21-30 

£ 19-20 

(e) 

S 17-18 

> 

5 15-16 

QO 

ng 13-14 

oO 

É 11-12 

= 

2 9-10 

T 

3 7-8 

2 5-6 
3-4 
0-2 

o 5 10 


No. of Departments 








95 programs possessed both basic and clinical research, 
whereas only 28 programs maintained ongoing clinical 
research alone. The majority of respondents indicated 
plans to expand their research in the next 5 years. 
Although some chairpersons indicated that they will 
maintain their research at its current level, none indi- 
cated plans to cut back on their research efforts during 
this time. 


Departmental Space Allocation 


Space allocation varied widely in member depart- 
ments, with reports ranging from 0 to 19 589 m’ (Fig 1). 
The median net area for departments of ophthalmology 
was 1035 m*; mean, 1890 m”. Of this number, the median 
figure for laboratory space committed for basic science 
research was 240 m’. 
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Fig 2.—The number of full-time faculty 
members per department ranged from 1 
to 100; median, 9.0; mean, 11.78. 
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Active Researchers 


The number of full-time faculty per department 
ranged from one to 100 (Fig 2). The median number of 
full-time faculty was 9; mean, 11.78. Using the defini- 
tion provided by the Association of Professors of Inter- 
nal Medicine as a guide, the committee determined the 
number of active researchers per department. Accord- 
ing to this definition, an active researcher is a “full-time 
faculty member (MD, MD-PhD, or PhD) who has pub- 
lished a minimum of one article in the last 2 years and 
who has at least one of the following additional attri- 
butes: (1) has spent 20% of the time in research; (2) has 
assigned research space; or (3) has funding from the 
National Institutes of Health.” When following this 
definition, AUPO members reported a range of one to 
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90 active researchers within their departments. The 
median number of faculty members classified as active 
researchers was five; mean, 8.5. Therefore, over 50% of 
full-time ophthalmology faculty serve as active re- 
searchers within their departments —an encouraging 
finding, given the diversity of ophthalmology depart- 
ments. This high percentage of faculty/researchers, 
however, highlights the need for active planning for 
future research in departments of ophthalmology. 


Article Publication 


Even though department faculty met the criteria for 
the “active researcher” designation, a great deal of 
diversity among reporting programs still persisted. 
For example, the number of manuscripts published by 
departments of ophthalmology within the past academ- 
ic year revealed a range from one to 172; median, 17; 
mean, 30. 
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Fig 3.—Department administrators re- 
ported a range of 0 to 7898 m* of labora- 
tory space committed for basic science 
research; median net, 240 më; mean, 
672 m’. 


Fig 4.—Department chairpersons re- 
ported a range of 0 to 1800 m° of labora- 
tory space allocated for each basic sci- 
ence researcher; median net, 45 m?; 
mean, 73 m’. 
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Research Space 


Laboratory space in departments of ophthalmology 
varied significantly in departments across the country 
(Fig 3). In all, 109 administrators reported a range from 
0 to 7898 m” committed for basic science research in 
departments of ophthalmology. The median net area of 
laboratory space is 240 m*; mean, 671.67 m”. When this 
figure is broken down to reveal laboratory space for 
each scientist, the differences are again striking (Fig 4). 
Department chairpersons reported a range from 0 to 
1800 m” of laboratory space allocated to each basic 
science researcher. The median net area of laboratory 
space allocated to each researcher is 45 m*; mean, 73 m’. 


Clinical Research Space 


Based on responses received, clinical research ap- 
pears to fare better than basic science research within 
departments. The net area allocated for clinical re- 
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search ranged from 0 to 3528 m”. The median area 
allocated was 72 m°; mean, 231 m°. 


Research Funding 


Funding for research in departments of ophthalmolo- 
gy is derived from numerous sources. Funding from 
federal sources, however, especially the National Eye 
Institute (NEI), represents the largest component of 
research support for departments. Although chairper- 
sons did not report specific dollar amounts, they sup- 
plied information regarding their funding sources in 
terms of percentages. According to the chairpersons, 
45% of funding for basic science research is derived 
from federal agencies. They reported that less than 1% 
of their basic science research is supported by universi- 
ty Biomedical Research Support Grant programs. 
Within the realm of clinical research, 32% of the funding 
is derived from federal monies. Chairpersons reported 
that nonfederal research support for both of these cate- 
gories comes from several sources, including depart- 
ment funds, private grants, industry grants, private 
practice funds, and endowment funds. 

It is interesting to note that according to statistics 
furnished by the NEI, 46% of the NEI’s extramural 
support goes to departments of ophthalmology that 
function through universities or individual eye 
institutes. 


Recruitment of Researchers 


Responses regarding recruitment practices were 
primarily positive. Most department chairpersons indi- 
cated that their facilities focus first on recruiting re- 
searchers with PhDs and independent research experi- 
ence who seek to collaborate with physicians on 
clinically relevant problems. Similarly, chairpersons 
seek to recruit clinicians who are interested in basic 
science research. Respondents also reported the desire 
to recruit clinicians who will collaborate with investiga- 
tors from the basic science departments within their 
own institutions. Chairpersons overwhelmingly 
(91.6%) indicated that basic science researchers should 
be recruited and treated as full-time faculty. The vast 
majority of respondents (85.3%) indicated they favored 
recruiting basic science researchers who have indepen- 
dent research, but who seek to collaborate with physi- 
cians on clinically relevant problems. 

Based on departmental response to this survey, the 
expansion of basic science research will come primarily 
in the areas of molecular biology and immunology. 
Among the clinical disciplines that would recruit basic 
science research staff for collaboration, “cornea” 
ranked as the highest area of interest; however, “reti- 
na” received the single highest number of priority 
scores from the respondents (35 total). 


Challenges to Basic Science Research 


The chairpersons indicated that the lack of research 
space and the difficulty of obtaining research funding 
are the leading challenges to the development of basic 
science research in their departments. This was fol- 
lowed closely by a lack of institutional commitment to 
provide faculty positions and financial support—most 
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particularly interim funding support —for researchers. 

The chairpersons preferred that scientists receive 
support from grant and endowment monies, or funds 
from the institution. 

Respondents were also invited to supply comments 
and suggestions regarding the present and future of 
research in departments of ophthalmology. Many cited 
an increased need for construction grants sponsored by 
the National Institutes of Health. They called for en- 
hancements in the Biomedical Research Support Grant 
system, and for expanded NEI programs to support 
their programs and to expand their basic science re- 
search. Similarly, respondents called for programs to 
enhance support for researchers that would cover fluc- 
tuations in the researchers’ grant funding. 


Challenges to Clinical Science Research 


In the area of clinical research, 97% of the chairper- 
sons believed that collaborative clinical trials have had 
a positive effect on patient care and have changed the 
treatment of certain clinical disorders. The respon- 
dents were asked to evaluate current NEI clinical trials 
and their importance to clinical practice. They cited the 
importance of several specific studies, including cryo- 
therapy for retinopathy of prematurity, collaborative 
ocular melanoma, early treatment of diabetic retinopa- 
thy, macular photocoagulation of age-related macular 
degeneration, krypton/argon regression of neovascu- 
larization, advanced glaucoma interyention, and the 
fluorouracil filtering surgery studies. Some chairper- 
sons suggested a better working relationship between 
the NEI and the Food and Drug Administration to 
streamline the approval of new devices and drugs for 
patient care. 

Chairpersons also cited two key obstacles in the de- 
velopment of clinical science in their institutions: diffi- 
culties in obtaining research funding, and the need for 
assistance in preparing the extensive protocols for clini- 
cal trials. However, at the time of this survey, interfer- 
ence from health maintenance organizations or prob- 
lems with a patient base were not reported as 
significant difficulties. 

Other suggestions gleaned from the clinical science 
portion of the survey included a suggestion that the 
NEI expand its support for new clinical investigators. 
Chairpersons stated that such support would benefi- 
cially affect clinical research and interest within their 
departments. 

Respondents also stated that keeping research-ori- 
ented physicians on their full-time faculty depends, toa 
large extent, on their department’s ability to obtain 
some level of NEI funding. Many chairpersons suggest- 
ed that the NEI should recognize this long-term re- 
source and develop programs that facilitate quick ad- 
mission of new faculty into the research support 
system. 


Attitudes of Chairpersons 


In the questionnaire section on chairpersons’ atti- 
tudes, the respondents provided a prioritized listing of 
factors leading to a research career. The factors, listed 
according to progression from college through partici- 
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pation in clinical trials and with R01 grants, were 
ranked according to their influence on a career choice 
for research. Significantly, the chairpersons believed 
that their own personal exposure favored a fellowship 
after residency. This, they believed, had the greatest 
influence on their own career choices, and would also be 
true for individuals entering research. 

The chairpersons indicated by a wide margin that the 
training of ophthalmic practitioners/residents is their 
top priority. They stressed that vision research excels 
in their departments when it is patient related and 
disease related. However, they stated that the single 
greatest challenge to their departmental research ef- 
forts was the large number of patients. Nonetheless, 
they indicated patient care as their top priority. 

When queried regarding NEI grant submissions, the 
chairpersons affirmed that the highest correlation with 
success of an NEI grant application lies in the substance 
and originality of the proposal. The least effective fac- 
tor for grant success, they believed, was acquaintance 
and friendship with the study section members. Many 
department chairpersons also indicated concerns re- 
garding the current levels of training program support. 

Many chairpersons believed that a program should 
be developed by the NEI to support resident research 
and departmental research start-up funds. These mon- 
ies would be in addition to the core grant mechanism. 
Many chairpersons, however, reported that this ap- 
proach may prove restrictive, since many small depart- 
ments might be unable to qualify for this program. In 
spite of these comments, the majority of chairpersons 
(95 of the 140 respondents) indicated that they plan to 
expand basic science research within their programs 
during the next 5 years, ie, increase the number of basic 
science researchers from a current median of 3.0 to 6.0. 


COMMENT 


It is important to realize that in tabulating percent- 
ages rather than true dollar amounts, comparisons 
among departments and the consideration of the impact 
of dollar amounts on individual departments remain 
uncertain. As indicated by survey results, however, 
the department chairpersons anticipate expanded pro- 
grams for research and a corresponding increase in 
space allotted for these activities. Given the declining 
federal funding we have witnessed in recent years, this 
plan puts departments in conflict with shrinking re- 
sources. Since these departments receive only 45% of 
their basic science research funding and 32% of their 
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clinical research funding from federal monies, depart- 
ments must seek alternate resources. These nonfederal 
funding sources include university endowment pro- 
grams, Lions organizations, Research to Prevent 
Blindness Inc, Fight For Sight, the Retinitis Pigmen- 
tosa Foundation, and others. Departments have also 
expressed an interest in engaging in industry-related 
research, particularly clinical trials involving drug 
studies. This raises some important questions, particu- 
larly potential conflict of interest and ethics consider- 
ations that must be addressed. 

Chairpersons have also expressed a desire to see 
increased NEI educational programs for department 
chairpersons through ongoing symposia on vision re- 
search, enhanced courses on epidemiology, the Epistat 
course, and principal investigators. These efforts, 
which will assist ophthalmology departments in reach- 
ing their fullest research potential, will ideally be co- 
ordinated between the NEI and other vision care and 
vision research organizations. In planning for the fu- 
ture, chairpersons also emphasized that Congress must 
be kept informed of developments in vision research. 

In response to the findings of this membership ques- 
tionnaire, the AUPO is rapidly developing a variety of 
educational programs to inform its members of the 
ways and means of starting and expanding their re- 
search efforts. This step should be closely linked with 
an ongoing planning process at the NEI. A particular 
need is increased contact among various funding orga- 
nizations to help map out the future challenges to eye 
research funding. 

The authors wish to thank Roger Girard, PhD, Department of 
Education, University of Southern California, for statistical analysis 


of collected data, and Taylor Jantzen for assembling the collected 
data. 
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Multiple-Dose, Dose-Response Relationship for 
the Topical Carbonic Anhydrase Inhibitor MK-927 


Erik A. Lippa, MD, PhD; Henry Aasved, MD; P. Juhani Airaksinen, MD; Albert Alm, MD; Torstein Bertelsen, MD; 
Berit Calissendorff, MD; Ole Dithmer, MD; Lars-Olaf Eriksson, PhD; Laila Gustad, MD; Gunnar Høvding, MD; 
Eva Monestam, MD; Erik Krogh, MD; Denise Deasy, MS; Deborah Panebianco, MS; Anja Tuulonen, MD 


è The multiple-dose, dose-response 
curve of MK-927 was studied in a five- 
center, double-masked, randomized, pla- 
cebo-controlled, parallel study of 2%, 
1%, and 0.5% MK-927 in 76 patients with 
bilateral primary open angle glaucoma 
or ocular hypertension and intraocular 
pressure greater than 24 mm Hg follow- 
ing washout of ocular hypotensive medi- 
cations. Patients received doses at 8 AM 
and 8 PM for 14 days, and parallel 
12-hour intraocular pressure curves 
were performed prestudy and on day 14, 
with 4-hour curves on days 1 and 4. 
There was a significant dose-response 
relationship, with 0.5% MK-927 twice dai- 
ly being a minimal-effect dose. Both 1% 
and 2% MK-927 were active through 12 
hours postdose, and peak mean percent 
decrease in pressure at 2 hours post- 
dose was 18.6% and 20.6%, respectively. 

(Arch Ophthalmol. 1991;109:46-49) 
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he substantial adverse side effects 

caused by systemically adminis- 
tered carbonic anhydrase inhibitors 
(CAIs) have limited their utility in the 
treatment of chronic glaucoma and oc- 
ular hypertension. Because a topical 
CAI might well be expected to be 
relatively free of clinically signifi- 
cant systemic effects, considerable at- 
tention has been given to the develop- 
ment of clinically active topical CAIs. 
Only recently have potent, water-solu- 
ble topical CAIs been developed that 
have demonstrated consistent, clini- 
cally significant intraocular pressure 
(1OP)-lowering activity in patients 
with glaucoma or ocular hypertension. 


See also pp 38 and 50. 


MK-927 is a novel water-soluble CAI 
available in concentrations up to 2.0% 
in an isotonic ophthalmic formulation 
containing 0.5% hydroxyethyl cellu- 
lose, buffered at a pH of 5.2, and 
preserved with benzalkonium chloride. 
Excellent activity in vitro’ and a sub- 
stantial ocular hypotensive effect have 
been demonstrated in several animal 
models.** MK-927 at 2% has shown 
significant efficacy in patients after 
one to three doses (with a peak percent 
change in IOP from predose of —27% 
to —33%) as well as acceptable ocular 
tolerability and absence of significant 
systemic biochemical effects.*” 

The results of a single-dose, dose- 
response study have demonstrated a 
clear dose-response relationship in the 
range of 0.5% to 2%.” Single doses of 


2% and 1% MK-927 lowered IOP sig- 
nificantly with peak mean percent 
change of —25% and —21%, respec- 
tively. At the same time, 0.5% MK-927 
was demonstrated to be a single-dose 
no-effect or minimal-effect dose. This 
has been confirmed in a group of pa- 
tients known to have a decrease in IOP 
following 2% MK-927." 

An increase in activity with in- 
creased duration of dosing has been 
observed in a study of 2% MK-927 in 
monkeys with laser-induced ocular hy- 
pertension.’ Therefore, this patient 
study of 0.5%, 1%, and 2% MK-927 
given every 12 hours for 14 days was 
undertaken to assess the activity of 
MK-927 on multiple-dose administra- 
tion and to determine its multiple- 
dose, dose-response relationship. 


PATIENTS AND METHODS 
Patient Selection and Entry 


Entry into the study was based on a 
medical and ophthalmologic evaluation be- 
tween 2 and 14 days prior to drug adminis- 
tration. The patients were either men or 
postmenopausal or sterilized women be- 
tween 35 and 80 years of age with history 
and examination findings consistent with a 
diagnosis of bilateral primary open angle 
glaucoma or ocular hypertension. This 
study was approved by the appropriate 
ethical review board at each of the partici- 
pating hospitals and each patient gave his 
or her informed consent prior to entry into 
the study. 

For entry into the study, IOP had to be 
simultaneously greater than 24 mm Hg in 
both eyes at 8, 9, or 10 AM on the prestudy 
diurnal curve day following a washout peri- 
od for ocular hypotensive medications as 
follows: 72 hours or longer for parasympa- 
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thomimetic solutions, 8 days or longer for 
sympathomimetic solutions, and 14 days or 
longer for ®-blockers. Exclusion criteria 
included concomitant systemic or dermato- 
logic medication known to affect IOP, a 
history of intraocular surgery, and best 
corrected Snellen visual acuity at a distance 
equal to or worse than 20/100 OU. 


Study Design 


This was a five-center, double-masked, 
randomized, placebo-controlled, parallel 
study with patients receiving one drop (ap- 
proximately 32 uL) of the same study drug 
in each eye at 8 AM and 8 PM for 14 days. 
Treatments consisted of 2%, 1%, or 0.5% 
MK-927 ophthalmic solution or placebo (ve- 
hicle). Following washout of ocular hypo- 
tensive medications, a 12-hour diurnal IOP 
curve was performed between 2 and 10 
days prior to dosing (8, 9, and 10 AM, noon, 
and 2, 4, 6, and 8 PM). On study days 1 and 
4, IOP was measured at 8 AM immediately 
predose and at 1, 2, and 4 hours postdose. 
On study day 14, IOP was measured imme- 
diately predose at 8 AM, and for 12 hours 
postdose, paralleling the prestudy measure- 
ment times. 

Within each of the five centers, all mea- 
surements of IOP for a given patient were 
performed by the same person, applanation 
tonometry followed instillation of a fluores- 
cein/benoxinate solution, and the same 
Goldmann applanation tonometer was used. 
If a patient was to remain in a hotel or 
hospital overnight on day 13 to perform the 
12-hour diurnal curve on day 14, then the 
same procedure was also to be followed on 
the evening preceding the prestudy 12-hour 
diurnal curve. 

Symptoms, visual acuity, and externa 
and anterior segments were monitored 
throughout the study. Visual field examina- 
tion and dilated ophthalmoscopy were per- 
formed prestudy and poststudy. For the 
purposes of analysis, iris color was recorded 
as follows: green, blue, hazel or light golden 
brown, brown, or dark brown. 


Statistical Methods 


Tests for significant differences for 
change and percent change in IOP from 
prestudy within each treatment group were 
based on a linear model, as were tests for 
significant differences between treatment 
groups. (Change and percent change always 
refer to comparisons between IOPs mea- 
sured at the same time of day.) The analysis 
of variance model used included terms for 
treatment, prior ocular hypotensive thera- 
py, investigator, and all two-way interac- 
tions. Dose trend (log-linear) was tested 
using orthogonal polynomials with the pla- 
cebo group excluded. All tests were two 
sided with type I error set at a=.05. 

Analysis of results for both average eye 
(mean of right and left eye) and “worse eye” 
were carried out. For this purpose, worse 
eye was defined prior to study start as 
follows: (1) the eye with the highest IOP at 
8 AM on the prestudy diurnal curve day; 
(2) if IOP was equal in both eyes at 8 AM 
prestudy, then the worse eye was that with 
the highest IOP at 8 AM on day 1, immedi- 
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Mean Intraocular Pressure* Worse Eye 


















































After Prestudy, Day 1, Day 4, Day 14, 
Dose, h Mean + SD Mean + SD Mean + SD Mean + SD 
Placebo (N = 19) 

ot 28.8 + 3.6 27.8 + 4.4 28.3 + 4.0 

1 28.4 + 4.8 28.1 + 5.4 27.8 + 5.3 
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0.5% MK-927 (N = 19) 
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+ 3.8 24.74 + 3.1 24.6¢ + 4.7 
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1.0% MK-927 (N = 20) 





























CA ge a 28.1 + 3.2 26.3ł + 3.6 26.3¢ 
+ 2.6 26.4¢ + 4.0 24.0¢ + 3.4 24.84 
+ 3.2 24.1¢ + 3.3 22.44 + 3.1 22.8¢ + 3.1 
#352 22.9% + 2.5 22.3¢ + 2.9 22.9¢ + 
+ 3.2 
+ 3.5 
+ 3.6 
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2.0% MK-927 (N = 18) 




















ot 30.1 + 4.9 29.7 + 4.7 27.0¢ + 4.5 26.4¢ + 4.0 
1 29.7 + 4.3 26.9¢ + 4.3 24.4¢ + 4.3 24.3¢ + 

2 29.1 + 3.3 23.8¢ + 3.1 22.3¢ + 2.9 23.0¢ + 

4 27.8 + 3.9 22.1¢ + 3.4 22.3¢ + 3.5 22.74 + 

6 27.6 + 4.0 "T SE 22.4¢ + 

8 25.9 + 3.5 AS wa 22.6¢ + 
10 25.7 + 3.6 TE PE 23.4§ + 





# 


12 25.7 + 4.9 22.8¢ + 4.1 


* Intraocular pressure is measured in mm Hg. 
timmediately predose on days 1, 4, and 14. 
Decrease and percent decrease from prestudy significantly different from zero. P < .01. 
§Decrease and percent decrease from prestudy significantly different from zero. P < .05. 


ately predose; and (3) if IOP in both eyes 
were equal at 8 AM on both the prestudy 
day and on day 1, then the worse eye was 
defined to be the right eye. Results for the 
average eye and the worse eye analyses 
were very similar and therefore only the 
results for the worse eye are given below. 
The analysis was based on the 76 patients 
who completed the study per protocol. 


RESULTS 


rine), and three patients had received 
pilocarpine and/or epinephrine. Distri- 
bution by iris color was as follows: 
blue, 54 patients; green, four patients; 
hazel or light golden brown, eight pa- 
tients; brown, seven patients; and dark 
brown, three patients. 

There were no significant differ- 
ences between treatment groups with 
regard to any of these factors. Distri- 
bution of patients by treatment group 
was as follows: 18 patients received 2% 
MK-927; 20 patients received 1% 
MK-927; 19 patients received 0.5% 
MK-927; and 19 patients received 
placebo. 


Seventy-six patients entered and 
completed the study per protocol (10 to 
20 patients per center). There were 32 
men and 44 women. The mean age was 
66 years (range, 48 to 80 years). Forty- 
three patients had not been receiving 
prior ocular hypotensive therapy, 23 
patients had been receiving therapy 
with 8-blocker alone, seven patients 
had received a B-blocker plus addition- 
al therapy (pilocarpine and/or epineph- 


IOP 


The Table presents the IOP data for 
each treatment group. Prestudy IOP 
was not significantly different between 
treatment groups. The 0.5% MK-927 
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IOP, mm Hg 


0 1 2 4 





6 8 10 12 


Hours Postdose (Parallel Times Prestudy) 


Fig 1.—Mean intraocular pressure (IOP), worse eye, for the 18 patients treated with 2% MK-927. 
Open circles indicate prestudy; closed circles, day 1; closed squares, day 4; and X's, day 14. 


Hour 0 corresponds to 8 AM. 


% Change in IOP From Before Study 





Hours Postdose (Parallel Times Prestudy) 


Fig 2.— Mean percent change in intraocular pressure (IOP), worse eye, from prestudy to day 14 
at the same time for all four treatment groups. X's indicate 2% MK-927 group; closed squares, 
1% MK-927 group; closed circles, 0.5% MK-927 group; and open circles, placebo group. 
Standard deviation range is 7.2 to 16.3. Significant dose trend is present from hour 2 through 


hour 12 (P<.05). 


treatment group demonstrated a sig- 
nificant decrease in IOP from prestudy 
hour 0 to day 1 at hour 0; as both time 
points were prior to treatment with 
drug, this further diminishes the clini- 
cal significance of even the small de- 
gree of activity that occurs for the 
0.5% MK-927 treatment group com- 
paring day 4 or day 14 IOPs with those 
prestudy. Figure 1 graphically depicts 
the data for the 2% MK-927 treatment 
group and Fig 2 demonstrates the 
dose-response relationship for day 14 
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percent change in IOP from prestudy. 
In the Table and figures, hour 0 repre- 
sents 8 AM; hour 1, 9 AM; and so on. 
For both 2% and 1% MK-927, both 
change and percent change in IOP 
from prestudy were significantly dif- 
ferent from zero at all time points 
postdose on days 1, 4, and 14 (P<.01 to 
P<.05). For 0.5% MK-927, these de- 
creases in IOP from prestudy were 
significant only through 4 hours post- 
dose. At no time were change or per- 
cent change in IOP significant for the 


placebo treatment group. For no time 
and no treatment group did IOP 
change significantly from day 4 to day 
14 of treatment. 

On day 14, a significant dose-trend 
with respect to change and percent 
change in IOP from prestudy was pres- 
ent from 2 through 12 hours after the 
morning dose (P<.03). It was not sig- 
nificant at hour 0, 12 hours following 
the prior evening’s dose, and it ap- 
proached significance at 1 hour after 
the dose (P=.07 for change, .13 for 
percent change). Although 2% MK-927 
was generally numerically more active 
than 1% MK-927, this difference did 
not reach significance at any time 
point. 


Symptoms 


There were generally no significant 
differences between active drug treat- 
ments for reported ocular symptoms, 
although there is some indication that 
the 2% concentration may cause slight- 
ly greater local irritation. These symp- 
toms were predominantly local and 
transient. Only one patient experi- 
enced an adverse experience that was 
considered to be drug related, namely, 
mild diarrhea and a nuchal exanthema 
that was believed to be allergic in 
nature and that resolved spontaneous- 
ly after day 14 of treatment. 


COMMENT 


Prior investigations of MK-927 have 
demonstrated its single-dose activity 
both in normal volunteers and in pa- 
tient populations.*" The substantial ac- 
tivity observed through at least 
8 hours postdose together with animal 
data indicating a possible increased 
activity after multiple doses made the 
evaluation of the multiple-dose, dose- 
response curve of MK-927 given twice 
daily important in assessing the clinical 
potential of MK-927. 

This study has shown that there is 
little, if any, enhancement of activity 
or decrease in effect after multiple- 
dose administration. As the majority 
of patients in this study had blue iri- 
des, it remains to be seen whether iris 
color and degree of pigment binding 
could explain the difference between 
monkey model and humans, although 
disparities between activity observed 
in rabbit and monkey models and hu- 
mans are not infrequent in the history 
of topical CAIs.” 

Multiple-dose MK-927 therapy twice 
a day satisfies a dose-response rela- 
tionship with the steepest portion of 
the curve occurring between 0.5% and 
1.0%. Multiple doses of 0.5% MK-927 
demonstrate some activity; however, 
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0.5% appears to be a minimal-effect 
dose. Although both 1% and 2% 
MK-927 given twice daily demonstrate 
some degree of activity for 12 hours 
postdose, it appears insufficient for the 
monotherapy treatment of patients 
when given twice daily. This has been 
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927: A topically effective ocular hypotensive car- 
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6:9-22. 
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confirmed by the preliminary results 
from another multiple-dose study.” It 
remains to be seen whether more fre- 
quent dosing of MK-927 or sezolamide 
hydrochloride (MK-417), the more ac- 
tive enantiomer of MK-927,"" will 
demonstrate sufficient activity for use 
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Multiple-Dose Efficacy Comparison of the Two Topical 
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è The multiple-dose twice-daily effica- 
cy of the topical carbonic anhydrase in- 
hibitor MK-927, a racemic compound, 
was compared with that of its pharmaco- 
logically more active S-enantiomer in 
a four-center, double-masked, random- 
ized, placebo-controlled, parallel study 
of 1.8% sezolamide hydrochloride (MK- 
417), 2% MK-927, and placebo, given 
twice daily to 48 patients with bilateral 
primary open angle glaucoma or ocular 
hypertension and morning intraocular 
pressure greater than 24 mm Hg in both 
eyes following washout of ocular hypo- 
tensive medications. Parallel 10-hour 
modified diurnal curves were performed 
before the study and on day 14, with 
4-hour curves on days 1 and 4. Both 
compounds demonstrated significant 


K-927 was the first topical carbon- 
ic anhydrase inhibitor to demon- 
strate clinically significant efficacy in 
lowering intraocular pressure (IOP) of 
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lowering of intraocular pressure at 8 AM, 
12 hours following the evening dose, and 
through 10 and 6 hours following the 
8 AM dose for sezolamide and MK-927, 
respectively. Morning trough (evening) 
activity as measured by mean percent 
change in intraocular pressure from 
prestudy was — 9.2% for sezolamide and 
—11.1% for MK-927 (—13.5% and 
—9.6%); peak effect occurred 2 hours 
after dose administration and was 
—19.4% and — 19.2% for sezolamide and 
MK-927, respectively. From 2 hours after 
dose administration, sezolamide consis- 
tently demonstrated a slightly greater 
decrease in intraocular pressure than 
MK-927; however, these differences were 
not statistically significant. 
(Arch Ophthalmol. 1991;109:50-53) 


patients with glaucoma or ocular hy- 
pertension after single- and multiple- 
dose administration. It is a thienothio- 
pyran-2-sulfonamide that has shown 
excellent activity in vitro.’ It is a 


See also pp 38 and 46. 


racemic compound with a single chiral 
center and thus can be separated into 
R- and S-enantiomers that are mirror 
images of one another. The S-enantio- 
mer, sezolamide hydrochloride (previ- 
ously MK-417), is substantially more 
active than the R-enantiomer.’ The 
concentration inhibiting human car- 
bonic anhydrase isoenzyme II is 
0.54 nmol/L and 44 nmol/L for sezola- 
mide and MK-927, respectively.‘ More- 
over, sezolamide is specific for carbon- 
ic anhydrase isoenzyme II (ratio of 


approximately 1400:1, based on ratio of 
Ks), the isoenzyme of carbonic anhy- 
drase, which is present in the ciliary 
processes.” 

The ability of MK-927 to effectively 
lower IOP has been demonstrated in 
normotensive rabbits as well as in rab- 
bit and monkey models of ocular hy- 
pertension.”* In contrast with several 
previously developed topical carbonic 
anhydrase inhibitors for which good 
activity in animal models did not carry 
over to substantial activity in hu- 
mans,™” MK-927 at 2% has been shown 
to be active in normal subjects and has 
demonstrated significant efficacy in 
patients after single- and multiple-dose 
administration (peak decrease from 
predose of 25% to 33% at 4 to 6 hours 
after dose administration"; peak de- 
crease from baseline diurnal curve of 
approximately 20% at 2 hours after 
dose administration”). | Moreover, 
MK-927 has demonstrated acceptable 
ocular tolerability together with an 
absence of significant systemic bio- 
chemical effects." 

The ophthalmic formulations of 
both MK-927 and sezolamide are iso- 
tonic, buffered at pH 5.2, and pre- 
served with benzalkonium chloride. 
Maximum available concentrations are 
2% for MK-927 and 1.8% for sezola- 
mide. MK-927 and sezolamide have 
been shown to have similar tolerability 
profiles in normal subjects.” Single- 
dose sezolamide was shown to be more 
potent than MK-927 in patients with 
glaucoma or ocular hypertension; how- 
ever, the difference in activities was 
not large.” 

This study was undertaken to assess 
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Fig 1.—The 1.8% sezolamide hydrochloride treatment group: mean percent change in intraocu- 
lar pressure (IOP) readings (worse eye) from prestudy at the same time. Circles represent day 1; 
squares, day 4; and asterisks, day 14. Hour 0 corresponds to 8 AM; SD range, 7.1% to 13.9%. 


and compare the relative efficacy of 
the maximum concentrations of 1.8% 
sezolamide and 2% MK-927 when given 
twice daily for a 2-week period. 
PATIENTS AND METHODS 
Patient Selection and Entry 


This study was approved by the appropri- 
ate ethical review board at each of the 
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participating hospitals and each patient 
gave his or her informed consent prior to 
entry into the study. Patients were men or 
postmenopausal or sterilized women 35 to 
80 years of age. Each underwent a medical 
and ophthalmologic screening examination 
2 to 14 days prior to entry into the study. 
Admission criteria included a history and 
examination consistent with a diagnosis of 
bilateral primary open angle glaucoma or 


ocular hypertension with IOP simulta- 
neously greater than or equal to 24 mm Hg 
in both eyes at 8, 9, or 10 AM on the 
prestudy diurnal curve day following a 
washout period for ocular hypotensive med- 
ications of at least 72 hours for parasympa- 
thomimetic solutions, at least 8 days for 
sympathomimetic solutions, and at least 
14 days for B-blockers or any other agents. 

Exclusion criteria included concomitant 
systemic or dermatologic medication known 
to affect IOP, any concurrent ocular thera- 
py other than the study drug, a history of 
intraocular surgery, best corrected Snellen 
visual acuity at a distance equal to or worse 
than 2/10 in both eyes, and recent signs of 
ocular infection or inflammation. 


Study Design 


This was a four-center, double-masked, 
randomized, placebo-controlled, parallel 
study. Treatment regimens consisted of 
1.8% sezolamide, 2.0% MK-927, or placebo 
(common vehicle) administered to each eye 
at 8 AM and 8 PM for 14 days. Between 2 and 
10 days prior to drug administration, a 
prestudy 10-hour diurnal IOP curve was 
performed following the appropriate wash- 
out period (8, 9, 10 AM, noon, and 2, 4, and 
6 PM). On study days 1 and 4, IOP was 
measured immediately before and 1, 2, and 
4 hours after dose administration. On study 
day 14, IOP was measured immediately 
before and 1, 2, 4, 6, 8, and 10 hours after 
dose administration, paralleling the pre- 
study diurnal curve times. 

A 2-week washout period for topical 
B-blockers was chosen to limit patient time 
without medication to approximately 
1 month. Potential small residual effects in 
some patients are well controlled for by the 
placebo group. Within each center, all mea- 
surements of IOP for a given patient were 
performed by the same person, applanation 
tonometry followed instillation of a fluores- 
cein-benoxinate solution, and the same 
Goldmann applanation tonometer was used. 
Patients were closely monitored through- 
out the study with repeated evaluation of 
symptoms, visual acuity, and external and 
anterior segment signs. Both prestudy and 
poststudy examinations included dilated 
ophthalmoscopy and visual field exam- 
ination. 


Statistical Methods 


The primary variables tested were 
change and percent change in IOP 
from prestudy values at the same time. 
Prestudy within-treatment group changes 
were tested using the matched-pairs ¢ test. 
Tests for significant differences between 
treatment groups were based on a linear 
model. The analysis of variance model used 
included terms for treatment, iris color, 
prior ocular hypotensive therapy, investi- 
gator, and all two-way interactions. All 
tests were two-sided with type I error set 
at a equal to 0.05. 

Results were analyzed both with respect 
to “average eye” (mean of right and left 
eye) and “worse eye.” Worse eye was de- 
fined as follows: (1) the eye with the greater 
IOP at 8 AM on the prestudy diurnal curve 
day; (2) if IOP was equal in both eyes at 
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Fig 2.—The 2% MK-927 treatment group: mean percent change in intraocular pressures (IOP) 
(worse eye) from prestudy at the same time. Circles indicate day 1; squares, day 4; and 
asterisks, day 14. Hour 0 corresponds to 8 AM; SD range, 6.6% to 15.3%. 
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Fig 3.—Mean percent change in intraocular pressure (IOP) (worse eye) from prestudy to day 1 4 
at the same time for all three treatment groups. Closed circles represent 1.8% sezolamide 
hydrochloride group; squares, 2% MK-927 group; and open circles, placebo group. 


8 AM prestudy, then the worse eye was that 
with the greater IOP at 8 AM on day 1, 
immediately before dose administration; 
and (3) if IOPs in both eyes were equal at 
8 AM on both the prestudy day and on day 1, 
then the worse eye was defined to be the 
right eye. Results for the worse eye and the 
average eye analyses were similar and 
therefore only the results for the worse eye 
are given below. 

The analysis was based on 48 patients 
who completed the study per protocol. 


RESULTS 


Forty-eight patients entered and 
completed the study per protocol 
(six to 18 patients per center). There 
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were 28 men and 20 women. The mean 
age was 58.9 years (range, 34 to 74 
years). Fourteen of the patients had 
secondary nonocular diagnoses, the 
most prevalent being diabetes mellitus 
(n=5) and hypertension (n=5). Elev- 
en patients had received no prior ther- 
apy, 24 had received only a B-blocker, 
and 13 had received a f-blocker and 
one or more additional agents (10 re- 
ceived a parasympathomimetic agent; 
one, an oral carbonic anhydrase inhibi- 
tor; one, guanethidine and epineph- 
rine; and one, a parasympathomimetic, 
guanethidine, and epinephrine). The 
distribution by iris color into one of 


five categories was as follows: blue 
(n=20); green (n=3); hazel or light 
golden brown (n=10); brown (n=12); 
and dark brown (n=8). 

The only significant difference be- 
tween treatment groups with regard 
to the above variables was for that of 
sex, with significantly more men in the 
sezolamide treatment group than in 
the MK-927 and placebo groups (12 in 
the sezolamide group vs seven in the 
MK-927 group and nine in the placebo 
group). However, men and women 
were not anticipated to experience 
substantially different degrees of effi- 
cacy. There were 16 patients in each of 
the three treatment groups. 


Intraocular Pressure 


The Table presents the mean IOP 
data and SDs for each treatment 
group. Although prestudy morning 
IOPs were generally greater for the 
MK-927 treatment group, this differ- 
ence was not significant. Figures 1 and 
2 graphically depict the data for the 
1.8% sezolamide and 2% MK-927 treat- 
ment groups with respect to percent 
change in IOP from prestudy; Fig 3 
compares activity between the three 
groups on day 14. In the Table and the 
figures, hour 0 represents 8 AM; hour 
1, 9 AM; ete. 

For both 1.8% sezolamide and 2% 
MK-927, the percent decrease in IOP 
from prestudy was significantly differ- 
ent from zero at all postdose times on 
days 1, 4, and 14 (P<.01 to P<.05). 
Peak effect for sezolamide and MK-927 
on day 14 occurred 2 hours after dose 
administration and was 19.4% and 
19.2%, respectively. The degree of 
variability about the mean was sub- 
stantially less for sezolamide than for 
MK-927. For placebo, percent de- 
crease in prestudy IOP readings was 
significantly different from zero on day 
1, 1 and 4 hours after dose administra- 
tion, and on day 4, 1 hour after dose 
administration. 

Percent decrease in IOP from pre- 
study was significantly greater for 
1.8% sezolamide than placebo (P<.01 
to P<.05) at all postdose times except 
day 4 at hour 0. For 2% MK-927, 
percent decrease in IOP was signifi- 
cantly greater than for placebo for all 
times except day 1 at hour 1, day 4 at 
hour 0, and day 14 at hours 8 and 10. 
Percent decrease from prestudy for 
sezolamide and MK-927 was signifi- 
cantly different only on day 1 at hour 
iB 

For sezolamide, postdose IOP did 
not decrease significantly from day 1 
(after dose administration) to day 4 or 
from day 4 to day 14 of treatment. For 
MK-927, IOP decreased significantly 
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from day 1 (after dose administration) 
to day 4; however, there was no fur- 
ther decrease from day 4 to day 14. 
There were no significant effects of 
iris color or prior therapy on activity. 


Symptoms 


There was a somewhat greater fre- 
quency of transient local ocular symp- 
toms (burning, blurred vision, tearing, 
itching, etc) reported with sezolamide 
(n=14) than with MK-927 (n=10) or 
placebo (n=8). 


COMMENT 


It has been previously demonstrated 
that single-dose sezolamide, the S- 
enantiomer of MK-927, is somewhat 
more potent than MK-927 in patients.” 
Inasmuch as the activity of MK-927 
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appeared to be insufficient for twice- 
daily monotherapy treatment of pa- 
tients,” this study explored whether 
the additional activity of sezolamide 
when given twice daily would be suffi- 
cient to achieve adequate control. 

This study has shown that although 
1.8% sezolamide may be somewhat 
more active than MK-927, the incre- 
mental activity is not great enough to 
achieve adequate efficacy when given 
twice daily. Moreover, although pre- 
liminary data indicate that the activity 
of sezolamide twice daily is partially 
additive to that of timolol maleate 
twice daily, it appears that the dura- 
tion of substantial additive effect may 
be less than 12 hours.” Therefore, 
further studies are indicated with 1.8% 
sezolamide given either more fre- 
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Endophthalmitis From Contaminated Donor 
Corneas Following Penetrating Keratoplasty 


James A. Cameron, MD, FRCSC; Sobhi R. Antonios, MD; John B. Cotter, MD; Nadim R. Habash, MD, FRCSC 


e We encountered six (0.2%) cases of 
endophthalmitis resulting from contami- 
nated donor corneas between January 
1983 and July 1990 following a total of 
3000 consecutive penetrating keratoplas- 
ties. Causative organisms in the three 
cases of fungal endophthalmitis were 
Torulopsis glabrata, Candida albicans, 
and Aspergillus flavus; the three cases of 
bacterial endophthalmitis were due to 
Klebsiella pneumoniae, Staphylococcus 
aureus, and Enterococcus faecalis. All 
organisms were resistant to gentamicin 
in the preservation media. A significantly 
higher incidence of endophthalmitis was 
noted in patients receiving corneas from 
a Sri Lankan eye bank (1.25%) than in 
those receiving US eye bank tissue 
(0.14%). Donor rim cultures are important 
to identify those patients at increased 
tisk of developing endophthalmitis, en- 
abling earlier diagnosis and more specif- 
ic treatment should endophthalmitis 
occur. 

(Arch Ophthalmol. 1991;109:54-59) 


ndophthalmitis following penetrat- 

ing keratoplasty due to contami- 
nated donor corneas is rarely reported, 
despite positive donor material cul- 
tures” at rates as low as 12%' and as 
high as 100%.’ To our knowledge, fun- 
gal endophthalmitis after penetrating 
keratoplasty related to donor contami- 
nation has been well documented in 
only five patients,“ while bacterial 
endophthalmitis associated with con- 
taminated donor material has been re- 
ported in at least 14 cases.""" In this 





Accepted for publication July 27, 1990. 

From the King Khaled Eye Specialist Hospital, 
Riyadh, Saudi Arabia. 

Reprint requests to c/o Medical Library, King 
Khaled Eye Specialist Hospital, PO Box 7191, 
Riyadh 11462, Saudi Arabia (Dr Cameron). 


54 Arch Ophthalmo!l—Vol 109, January 1991 


study, all cases of endophthalmitis af- 
ter penetrating keratoplasty related to 
contaminated corneal tissue (Table 1) 
are reported from the King Khaled 
Eye Specialist Hospital, Riyadh, Saudi 
Arabia. 

Between January 1983 and July 
1990, we encountered 10 (0.33%) cases 
of endophthalmitis among 3000 consec- 
utive penetrating keratoplasties occur- 
ring in the early postoperative period. 
In four cases, endophthalmitis oc- 
curred despite negative rim cultures. 
In six cases, the identical organisms 
were isolated from the recipient eye 
and the corresponding donor rim. Do- 
nor rims were routinely cultured after 
keratoplasty. The rims were returned 
to the eye bank, where they were 
swabbed with a sterile applicator that 
was then streaked on blood agar, choc- 
olate agar, and Saboraud’s medium 
followed by immersion of the rim in 
thioglycollate broth. 

In 2840 cases, donor corneas origi- 
nated from different eye banks in the 
United States; in 160 cases, donor cor- 
neas originated from a Sri Lankan eye 
bank. Four cases of endophthalmitis 
were associated with US eye bank 
tissue, and two cases were associated 
with Sri Lankan eye bank tissue. 


REPORT OF CASES 


CASE 1.—On July 16, 1988, a 22-year-old 
man underwent penetrating keratoplasty 
for keratoconus. The donor cornea was from 
a 52-year-old woman who had died of arte- 
riosclerotic cardiovascular disease. Time 
between death and preservation was 7.25 
hours; the time from death to surgery was 
14 days, with the tissue having been pre- 
served in K-Sol medium (Cooper Vision/ 
Cilco, Bellevue, Wash). On the second day 
after surgery, cultures from the donor rim 
yielded Torulopsis glabrata. 

On the seventh day after surgery, an 
arcuate, white plaque was noted on the 


endothelium at the graft-host junction on 
the recipient side of the cornea (Fig 1). The 
patient did not complain of pain or de- 
creased vision. No chemosis and no anterior 
chamber reaction other than the white 
plaque on the endothelium were noted. 
Anterior chamber and vitreous taps were 
performed that same day, with an intraocu- 
lar injection of 5 yg of amphotericin B and a 
subconjunctival injection of 10 mg of micon- 
azole. Gram’s and Giemsa’s stains of the 
aqueous revealed many budding yeast cells 
with no polymorphonuclear leukocytes. A 
heavy growth of T glabrata organisms was 
noted in the aqueous specimen, but no 
growth was noted in the vitreous specimen. 

The patient was treated with hourly topi- 
cal 5% natamycin drops, 10 mg/d of subcon- 
junctivally administered miconazole for 
5 days, and 37.5 mg/kg of oral flucytosine 
every 6 hours for 16 days. Treatment with 
topical steroid drops were restarted 10 days 
after the initiation of antifungal therapy. 
An anterior chamber reaction evident the 
day after intravitreal injection was treated 
with an increased frequency of the adminis- 
tration of cycloplegic agents. The plaque 
disappeared gradually within 2 weeks. The 
graft has remained clear 16 months after 
surgery; best corrected visual acuity is 
20/50. 

CASE 2.—On January 3, 1989, a 17-year- 
old female adolescent underwent penetrat- 
ing keratoplasty for keratoconus. The donor 
cornea was from a 52-year-old woman who 
had died of a cardiac arrest. The time 
between death and preservation was 6.5 
hours, and the time from death to surgery 
was 8 days. The tissue was preserved in 
chondroitin sulfate medium (Aurora Biolo- 
gicals, Ltd, Williamsville, NY). Culture of 
the donor rim yielded a mixed culture of 
Staphylococcus epidermidis, Staphylococ- 
cus aureus, B-hemolytic Streptococcus, and 
Candida albicans. The postoperative hospi- 
tal course was uneventful. 

After missing the first postoperative vis- 
it, the patient presented to the emergency 
department on January 28, 1989, complain- 
ing of photophobia and pain of 1 weeks 
duration in the eye that was operated on. 
Examination of this eye revealed a visual 
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Table 1.—Summary of Cases” 





Donor Age, y/ 


Organism Sex/Disease 
Fungal endophthalmitis 
1 Torulopsis 


glabrata 


52/F/ASCD 


Recipient 
Age, y/ 
Sex 


Indication 
for PK 


Preservation 
Medium 


Linkage 


Outcome/Follow-up 








K-Sol 22/M Keratoconus 





T glabrata isolated from 
donor rim and 
aqueous 


Clear graft; 
visual acuity, 
20/50/16 mo 





Candida 
albicans 


52/F/cardiac 
arrest 


3 Aspergillus 
flavus 


68/F/myocardial 
infarct 





Keratoconus 


C albicans from 
donor rim and 
aqueous tap 


Failed graft from 
secondary glaucoma; 
visual acuity, light 


perception / 12 
months 








M-K and organ 
culture (Sri 
Lankan eye bank 
tissue) 


Aphakic bullous 
keratopathy 


A flavus from donor rim 


Enucleation 
and corneal ulcer; 

enucleated specimen 

showed hyphae in 

donor and recipient 

cornea, anterior 

chamber, and iris 





Bacterial endophthalmitis 
4 Klebsiella 
pneumoniae 


M-K (Sri Lankan 
eye bank tissue) 


Keratoglobus 


K pneumoniae from Evisceration 
donor rim, M-K 
medium, and 


intraocular fluid 





Staphylococcus 68/F/suffocation; 
aureus choked on 
a pill 
65/M/metastatic 
carcinoma 
of colon 


Enterococcus 
faecalis 


K-Sol Corneal scar 


Clear graft; 
visual acuity, 
20/60/27 mo 


S aureus from donor 
rim and aqueous fluid 





DexSol 59/M Aphakic 
bullous 


keratopathy 


E faecalis 
from donor rim and 
intraocular fluid 


Clear graft; 
visual acuity, 
20/200/1 mo 





* PK indicates penetrating keratoplasty; ASCD, arteriosclerotic cardiovascular disease; CSM, chondroitin sulfate medium; and M-K, McCarey-Kaufman. 


acuity of 20/160 as well as eyelid swelling, a 
mass located inferiorly in the anterior 
chamber at the graft-host junction, and 
“fluff balls” on the surface of the lens. 

The patient underwent an anterior cham- 
ber tap with an injection of 10 ug of ampho- 
tericin B and 25 yg of miconazole in the 
anterior chamber, as well as 10 mg/d of 
subconjunctivally administered miconazole 
for 5 days. In addition, 5% natamycin drops 
were administered hourly, and 400 mg/d of 
ketoconazole was administered for 6 weeks. 
The anterior chamber tap yielded C albi- 
cans after 2 days. The mass and fluff balls 
disappeared during the following 4 weeks. 

Twelve months after surgery, the graft 
failed due to secondary glaucoma from pe- 
ripheral anterior synechiae, with a result- 
ing visual acuity of light perception. 

CASE 3.—On September 26, 1987, an 80- 
year-old man underwent penetrating kera- 
toplasty for aphakic bullous keratopathy. 
The donor cornea was from a 68-year-old 
woman who had died of a myocardial in- 
farct. The time from death to preservation 
was 5 hours; the time from death to surgery 
was 25 days, with the tissue preserved in 
McCarey-Kaufman (M-K) medium (Aurora 
Biologicals, Ltd) followed by organ culture 
medium. On September 29, 1987, cultures 
from the donor rim yielded Aspergillus 
flavus. 

On the third day after surgery, the pa- 
tient complained of mild pain and decreased 
vision in the eye that had been operated on. 
Increased lid swelling with graft edema and 
an increased anterior chamber cellular reac- 
tion was noted. Results of a vitreous tap 
were negative for bacterial and fungal or- 
ganisms. Treatment with 0.25 mg of intra- 
vitreally administered gentamicin sulfate 
and 1 mg of vancomycin hydrochloride was 


Arch Ophthalmol—Vol 109, January 1991 


initiated. Subconjunctivally administered 
miconazole (5 mg) was given, as the culture 
of the donor rim was positive for A flavus. 
No intraocular antifungal agent was given 
at this time, as it was believed that the 
patient’s reaction had developed too soon 
for fungal endophthalmitis to be the most 
likely cause. 

Three days later, a corneal ulcer was 
noted to extend from the edge of the graft 
to the sclera for about 120°. A culture from 
the peripheral recipient cornea yielded A 
flavus after 24 hours. The patient was 
given 5% natamycin drops every half hour 
and amphotericin B intravenously. After 
one dose, the patient became markedly 
hypotensive, and amphotericin therapy was 
stopped. A small corneal perforation in the 
bed of the ulcer, which had a positive Seidel 
test, was treated with the use of cyanoacry- 
late glue and a bandage contact lens. An 
intravitreal injection of 25 ug of miconazole 
was given on October 6, as were daily 
subconjunctival 5-mg miconazole injections 
and topical 5% natamycin drops. 

Despite continuing treatment, the pa- 
tient showed progressive necrosis of the 
cornea and sclera and underwent enucle- 
ation on October 11, 1987. The enucleated 
specimen showed extensive fungal involve- 
ment of the anterior segment, with septate 
hyphae present in the donor and recipient 
corneas (Fig 2), anterior chamber, and iris. 
Hemorrhagic detachment of the choroid and 
retina, with no fungus present in the vitre- 
ous or retina, was also noted. 

CASE 4.—On May 10, 1983, a 65-year-old 
man with keratoglobus and a mature cata- 
ract underwent penetrating keratoplasty 
and extracapsular cataract extraction with 
anterior vitrectomy. The donor cornea was 
1 day old and preserved in M-K medium. 


The original eye bank form describing the 
cause of death and age of the donor had not 
been filed with the chart. The original sur- 
geon did note that there was no discolor- 
ation of the preservation medium. 

On the second postoperative day, the 
patient complained of severe pain and de- 
creased vision. Mild lid swelling with che- 
mosis was also noted. The graft was edema- 
tous, and a hypopyon was present. An 
intraocular tap performed on May 12, 1983, 
revealed turbid fluid that yielded Klebsiella 
pneumoniae, the same organism cultured 
from the donor rim and M-K medium. 

Subconjunctival injections of gentamicin 
were given, as were intravenously adminis- 
tered gentamicin and ampicillin and topical- 
ly administered polymyxin B sulfate- 
neomycin sulfate-gramicidin (Neosporin) 
drops. Sensitivity tests ultimately showed 
resistance to most antibiotics, including 
gentamicin and ampicillin. On May 15, 1983, 
a treatment regimen of cephalosporin anti- 
biotics to which the organism was sensitive 
was initiated. However, by this time, the 
patient had lost light perception and ulti- 
mately required evisceration of that eye. 

CASE 5.—On September 28, 1987, a 62- 
year-old woman underwent penetrating 
keratoplasty for corneal scarring. The do- 
nor cornea was from a 68-year-old woman 
who died of suffocation after choking on a 
pill. The time from death to preservation 
was 4 hours; the time from death to surgery 
was 8 days, with the cornea preserved in K- 
Sol medium. 

On the second postoperative day, the 
patient complained of increased pain and 
decreased vision. Small white lesions were 
present on the corneal endothelium, which 
had not been present on the first postopera- 
tive day. The following day, more lesions 
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Fig 1.—Case 1. Torulopsis glabrata endophthalmitis. Left, On postoperative day 7, the patient was asymptomatic. No 
ciliary flush, chemosis, or cellular reaction is seen, but an arcuate, white lesion is present superiorly. Right, A cottage 
cheese—like subendothelial plaque is noted on the recipient side of the graft-host junction. 





Fig 2.—Case 3. Aspergillus flavus endophthalmitis. Left, Extensive full-thickness corneal involvement by filamentous 
fungi is seen (Gomori’s methenamine silver, x 400). Right, Branching septate hyphae are seen within the anterior chamber 
abscess (Gomori’s methenamine silver, x 1000). 


Fig 3.—Case 5. Staphylococcus aureus endophthalmitis. Left, Multiple white lesions were present on the corneal 
endothelium on postoperative day 3. Right, Magnified slit-view of the irregular shaped, white elevated lesion on the 
endothelium. 
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were present on the endothelium (Fig 3), 
and the patient underwent an aqueous tap. 
Gram-positive cocci were present on Gram’s 
staining of the aqueous, and S aureus was 
cultured from the aqueous and the donor 
rim. Sensitivity results of the S aureus 
from the aqueous sample and from the 
donor rim were identical. The organism was 
resistant to gentamicin. The patient was 
treated with intravenous cefazolin; subcon- 
junctival vancomycin and tobramycin; and 
topical cefazolin, bacitracin, and vancomy- 
cin drops. The graft remained clear, the 
endothelial lesions disappeared, and the pa- 
tient’s visual acuity was 20/60 27 months 
after surgery. 

CASE 6.—On May 29, 1990, a 59-year-old 
man underwent penetrating keratoplasty 
for aphakic bullous keratopathy of the left 
eye. The donor cornea was from a 65-year- 
old man who had died of metastatic carcino- 
ma of the colon. The time from death to 
preservation was 6 hours; the time from 
death to surgery was 11 days, with the 
tissue preserved in DexSol medium (Chiron 
Ophthalmics, Inc, Irvine, Calif). On the 
first day after surgery, cultures from the 
donor rim yielded Enterococcus faecalis. 
The organism was resistant to gentamicin, 
penicillin, and cephalosporin antibiotics but 
was sensitive to vancomycin. 

On the fourth day after surgery, the 
patient complained of increased pain and 
decreased vision in the eye that was oper- 
ated on. Increased anterior chamber and 
vitreous reactions were present. An intrao- 
cular tap performed that day revealed tur- 
bid fluid that yielded E faecalis. Intraocular 
vancomycin (1 mg) and subconjunctival van- 
comycin (50 mg) were administered at the 
time of the intraocular tap. Topical vanco- 
mycin (25 mg/mL hourly) and intravenous 
vancomycin (500 mg every 6 hours) were 
given for 7 days. 

The intraocular reaction gradually sub- 
sided. The corneal graft has remained clear, 
and the visual acuity is 20/200 1 month after 
surgery. 


COMMENT 


Donor-to-host transmission of fungal 
or bacterial infection causing en- 
dophthalmitis after penetrating kera- 
toplasty has been rarely reported. To 
our knowledge, only five well-docu- 
mented cases of fungal endophthalmi- 
tis (Table 2) and 14 cases of bacterial 
endophthalmitis (Table 3) after pene- 
trating keratoplasty resulting from 
contaminated donor corneal material 
where the same organism was isolated 
from the donor and from either the 
aqueous or vitreous of the recipient 
have been reported. Other cases of 
endophthalmitis*"” or deep keratitis” 
where donor-to-host transmission of 
bacterial or fungal infection was 
strongly suspected have been reported 
as well. In many of the reported cases 
of endophthalmitis’ occurring after 
penetrating keratoplasty, the donor 
rim was not cultured, and thus evi- 
dence of donor-to-host transmission of 
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Table 2.—Previous Cases of Fungal Endophthalmitis From Contaminated Donor 
Corneas Following Penetrating Keratoplasty * 


Source, y Medium 


Organism Visual Acuity, Outcome 





Beyt and Waltman,’ Moist chamber 


1978 


Cryptococcus LP 
neoformans 





Larsen et al,® Organ culture, 
1978 M-K medium 


for the last 48 h 


Torulopsis 
glabrata 


Patient death in hospital 





Insler and Urso,’ M-K 
1987 


Candida 
albicans 


HM after a second PK 





Insler and Urso,? M-K 
1987 


C albicans 20/100 after a second PK 





Fong et al,'° 
1988 





C albicans 


* LP indicates light perception; M-K, McCarey-Kaufman; HM, hand motions; and PK, penetrating keratoplas- 


ty. 


Table 3.—Previous Cases of Bacterial Endophthalmitis From Contaminated Donor 
Corneas Following Penetrating Keratoplasty * 


Source, y 


LeFrancois and Baum,"' 
1976 


Visual Acuity 
Outcome 


Phthisis 


Organism 


Flavobacterium 
meningosepticum 








Girard,'® 1982 


Girard,’ 1982 


Klebsiella 
pneumoniae 


Staphylococcus 
aureus 


20/200 








Girard,'® 1982 


S aureus 





Girard,’ 1982 


Staphylococcus 
epidermidis 





Leveille et al, '? 
1983 


20/300 after 
repeated PK 


Pseudomonas 
aeruginosa 





Leveille et al,'* 
1983 


Group D Streptococcus 20/200 
enterococcus 
(sensitive 


to gentamicin) 





Leveille et al,’* 1983 


Streptococcus 
pneumoniae 





Matoba et al,'* 1984 M-K 


Streptococcus 
viridans group 





Matoba et al,"* 1984 M-K 


Streptococcus 





Baer et al,"* 1988 M-K 


S viridans 





Baer et al,'* 1988 M-K 


S viridans 





Fong et al,'° 1988 Whole globe 


P aeruginosa 


(moist chamber) 





Heidemann et al,'® M-K 
1989 


Streptococcus salivarius 
(S viridans group, 
sensitive to 
gentamicin) 





* MK indicates McCarey-Kaufman; NLP, no light perception; LP, light perception; PK, penetrating keratoplas- 


ty; and CF, counting fingers. 


infection was only circumstantial. 

In our series, 10 (0.33%) cases of 
endophthalmitis developed in the early 
postoperative period following a total 
of 3000 consecutive penetrating kera- 
toplasties. Six cases were associated 
with contaminated donor rims, and the 
same organism was also isolated from 
the recipient eye. In addition, two 
other patients developed symptoms 
and signs of endophthalmitis after ker- 
atoplasty but did not have positive 
intraocular cultures; thus, they were 
not included in the study. These two 
patients received their corresponding 


corneas from the same donors as in 
cases 1 and 5 and had the same positive 
rim culture. Intraocular inflammation 
subsided after similar antimicrobial 
treatment as administered in cases 1 
and 5. 

The onset of symptoms and signs in 
our patients with fungal endophthalmi- 
tis varied from day 3 with A flavus to 
day 18 with C albicans. Aspergillus is 
known to be capable of tissue invasion 
and, as such, might be expected to 
produce symptoms sooner than T gla- 
brata or C albicans. Pain was present 
in two of the three patients. The pa- 
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tient with T glabrata endophthalmitis 
had no pain, photophobia, or ciliary 
flush, and no chemosis or anterior 
chamber reaction other than the su- 
bendothelial plaque was noted. The 
anterior chamber tap revealed yeast 
organisms but no inflammatory cells. 

Case 3 is the first reported case of 
donor-to-host transmission of A flavus 
after a penetrating keratoplasty, to 
our knowledge. This organism was iso- 
lated from the donor corneal rim and 
from an ulcer extending from the graft 
margin to the sclera of the recipient. 
The subsequent enucleated specimen 
showed extensive hyphae in the donor 
and recipient corneas as well as 
throughout the anterior segment. The 
vitreous was not involved, which 
would explain the negative vitreous 
culture on day 3. Aspergillus species 
contamination of donor rims accounted 
for 5% of the positive donor rim cul- 
tures described by Fong et al.” 

The three patients with bacterial 
endophthalmitis related to contami- 
nated donor corneas developed symp- 
toms and signs from the second to the 
fourth postoperative days. The patient 
with S aureus endophthalmitis devel- 
oped multiple white lesions on the cor- 
neal endothelium, which increased in 
number from the second to the third 
postoperative days. These lesions may 
possibly represent small colonies of 
S aureus on the endothelium. Case 6 is 
the first reported case of E faecalis 
infection transmitted through corneal 
transplantation, to our knowledge. We 
identified one previous report of En- 
terococcus species transmission” in 
which the particular species was not 
reported. That organism was sensitive 
to gentamicin and ampicillin. In our 
case, the organism was sensitive only 
to vancomycin. 

Most cases of endophthalmitis after 
penetrating keratoplasty associated 
with contaminated donor corneal rims 
have been reported with corneas 
stored in M-K media (Tables 2 and 3), 
as this was the preservation media 
most commonly used at those particu- 
lar times. In our series, endophthalmi- 
tis occurred with corneas stored in 
M-K, K-Sol, CSM, organ culture, and 
DexSol media, all of which contain only 
gentamicin sulfate (100 pg/mL)” as 
an antimicrobial agent. Although many 
bacteria will be sensitive to gentami- 
cin, there still remains the problem of 
resistance with most streptococcal and 
occasional staphylococcal organisms, 
some gram-negative organisms, and all 
fungal organisms.” In our series of six 
cases, no organism was sensitive to 
gentamicin. 

Donor rim contamination is a signifi- 
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cant risk factor for the development of 
endophthalmitis after penetrating ker- 
atoplasty. Leveille et al? found that 
when the donor rim culture was posi- 
tive, there was a 22-fold increased 
incidence of endophthalmitis. Polack et 
al’ reported 100% positive cultures of 
240 untreated eyes obtained post mor- 
tem. Since that time, eye bank person- 
nel and corneal surgeons have been 
searching for methods to decrease the 
incidence of donor contamination. Kar- 
jalainen and Vannas’ found that donor 
cornea cultures were more often posi- 
tive and mixed flora more frequently 
present in donors who had been on a 
respirator before the excision of the 
cornea. Chittum et al’ found a signifi- 
cantly (P<.05) higher incidence of cor- 
neal contamination in donors who died 
of systemic infections. Eye banks now 
carefully screen donors for docu- 
mented or suspected sepsis in an at- 
tempt to reduce the incidence of post- 
keratoplasty infections. 

Methods to decrease the number of 
contaminated donor corneas have in- 
cluded irrigation of the cornea and 
conjunctiva with sterile saline solution 
before enucleation,’~ immersion of the 
whole eye in an ophthalmic solution 
of polymixin B-neomycin-gramicidin 
(Neosporin),” and the addition of gen- 
tamicin to the preservation medium.” 

Unfortunately, with gentamicin as 
the only antibiotic in the preservation 
medium, cases of endophthalmitis will 
result from contaminated donor mate- 
rial where the bacteria or fungi are 
resistant to gentamicin (Tables 1 
through 3). The addition of another 
antibiotic, such as a cephalosporin or 
vancomycin, to the preservation media 
has been suggested by many au- 
thors'***" as a means of killing those 
bacteria that are resistant to gentami- 
cin. Kowalski et al” have shown that a 
synergistic combination of antifungal 
drugs will eliminate yeast and mold in 
M-K media with no toxicity to the 
corneal endothelium. Further research 
on the efficacy and safety of adding 
new antibiotics and antifungal drugs to 
current preservation media is 
necessary. 

As noted in Table 3, two cases of 
endophthalmitis due to Streptococcus 
species have been reported where the 
organism has been sensitive to genta- 
micin. Baum et al” found that antibiot- 
ics could not reliably sterilize an inocu- 
lum of sensitive bacteria in M-K 
medium at 4°C. When the M-K-genta- 
micin medium was brought from 4°C to 
room temperature and maintained for 
1 hour, the number of bacterial colo- 
nies was reduced but not totally elimi- 
nated. It is possible that after warming 


the cornea for only 1 hour before use, 
sensitive organisms may still be viable. 

Despite relatively high rates of do- 
nor corneal contamination, endophthal- 
mitis as a direct consequence of the 
contaminated tissue has been rarely 
reported. A variety of other factors 
may also play a role in the determina- 
tion of whether a patient will develop 
endophthalmitis. Surface contamina- 
tion of the corneal donor rim does not 
necessarily mean that the whole cor- 
nea is infected. The patient’s immune 
status, the health of the recipient eye, 
and antibiotics and steroids used at the 
time of surgery and postoperatively all 
may have modifying influences, al- 
though the contribution of each is 
unknown. 

The importance of the eye bank and 
the quality of tissue obtained is of 
paramount importance in the reduction 
of the incidence of endophthalmitis 
caused by contaminated donor tissue. 
In our study, two (1.25%) of 160 pa- 
tients who received tissue from a Sri 
Lankan eye bank developed endoph- 
thalmitis, compared with four (0.14%) 
of 2840 who received US eye bank 
tissue. We detected a statistically sig- 
nificant increased risk of endophthal- 
mitis in patients receiving Sri Lankan 
eye bank tissue (P<.05, Fisher’s Ex- 
act Probability Test) compared with 
patients receiving US eye bank tissue. 

Culture of the donor rim at the time 
of surgery or postoperatively is impor- 
tant to identify those patients at in- 
creased risk of developing endophthal- 
mitis in the early postoperative period. 
A patient who receives a cornea with a 
positive rim culture needs to be ob- 
served more frequently. The outcome 
of endophthalmitis is probably depen- 
dent on three main factors: duration of 
the inflammatory response, treatment, 
and virulence of the organism.” The 
ophthalmologist may be able to influ- 
ence the outcome by making an earlier 
diagnosis and instituting early, specific 
antimicrobial treatment, as illustrated 
with our case of T glabrata endophth- 
almitis where the diagnosis was made 
and appropriate treatment instituted 
before the patient became symptomat- 
ic. Our patient with E faecalis en- 
dophthalmitis was initially treated 
with vancomycin on the basis of the E 
faecalis donor rim culture showing re- 
sistance to gentamicin and cephalospo- 
rin antibiotics and sensitivity to vanco- 
mycin. Knowledge of a positive rim 
culture will lead to a greater probabili- 
ty of an earlier diagnosis and appropri- 
ate treatment should endophthalmitis 
develop. 


Statistical consultation was provided by Elijah 
Bamgboye, PhD, King Saud University, Riyadh. 
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Chronic Postoperative Endophthalmitis 
Associated With Actinomyces Species 


Thomas J. Roussel, MD; E. Rule Olson, MD; Thomas Rice, MD; 
David Meisler, MD; Geraldine Hall, PhD; Darlene Miller, MA 


e Actinomyces species, gram-positive, 
non-spore-forming anaerobic bacilli 
were isolated from intraocular fluid ob- 
tained from four otherwise healthy pa- 
tients with a delayed onset of postopera- 
tive endophthalmitis. One patient had a 
mixed anaerobic infection with recovery 
of both Actinomyces israelii and Propion- 
ibacterium acnes. In all four patients, 
early postoperative visual acuity was 
good but was eventually markedly re- 
duced by intraocular inflammation that 
was first observed between 21 days and 
4 months following uneventful extracap- 
sular cataract extraction and posterior 
chamber intraocular lens implantation. 
Inflammation was characterized by ante- 
rior segment and vitreous cellular debris 
in all cases. All eyes responded to thera- 
py that included intraocular, topical, and 
systemic antibiotics as well as pars pla- 
na vitrectomy and partial iridectomy. 
These cases further illustrate the need 
for microbiologic investigation, including 
anaerobic cultures, in all cases of chron- 
ic postoperative inflammation following 
extracapsular cataract extraction, re- 
gardless of the time of onset. 

(Arch Ophthalmol. 1991;109:60-62) 


Recently, cases of delayed onset of 

chronic infectious endophthalmitis 
have been reported to occur after ex- 
tracapsular cataract extraction with 
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posterior chamber intraocular lens im- 
plantation.’ Most of these have been 
associated with Propionibacterium ac- 
nes. In this report, four cases of de- 
layed onset of chronic postoperative 
inflammation are described, in which 


Actinomyces species were isolated 
from intraocular fluid. 
REPORT OF CASES 


CASE 1.—An 88-year-old woman under- 
went an uneventful extracapsular cataract 
extraction with posterior chamber intraocu- 
lar lens implantation in the right eye. Her 
postoperative course was uneventful, and 
routine postoperative corticosteroid drops 
had been decreased to one drop daily. 
Twenty-five days after surgery, she experi- 
enced ocular pain and redness, and visual 
acuity was reduced to light perception. Slit- 
lamp examination revealed a marked ante- 
rior chamber reaction and multiple inflam- 
matory spherules attached to the surface of 
the iris. The inflammation worsened during 
the next 3 days, despite the initiation of 
topical corticosteroid therapy. Microscopic 
evaluation of an anterior chamber aspirate 
obtained on the 28th postoperative day 
revealed branching gram-positive rods, 
consistent with Actinomyces species. One 
day after a partial iridectomy was per- 
formed, total capsulectomy, intraocular 
lens removal, and intravitreal injections of 
penicillin G potassium (1000 U) and tobra- 
mycin sulfate (100 pg) were performed. 
Postoperatively, topical penicillin and pred- 
nisolone acetate drops were applied, and 
intravenous penicillin therapy was started. 
After 5 days, intravenous penicillin was 
replaced by oral penicillin and continued for 
an additional 8 days. Three weeks after 
discontinuation of antibiotics and topical 
corticosteroid therapy, the inflammation re- 
curred, with reappearance of the inflamma- 
tory spherules. Intraocular fluid specimens 
were not recultured, but the inflammation 
responded to treatment with systemic and 
topical penicillin and topical prednisolone 


acetate drops. Despite resolution of the 
inflammation, a total retinal detachment 
occurred, and visual acuity deteriorated to 
no light perception. 

CASE 2.—An 82-year-old woman under- 
went an uncomplicated extracapsular cata- 
ract extraction with posterior chamber in- 
traocular lens implantation in the right eye. 
Postoperative visual acuity was recorded as 
20/30. Twenty-one days after surgery, 
while receiving routine therapy with post- 
operative corticosteroid drops, visual acuity 
deteriorated to 20/300 as a result of moder- 
ate intraocular inflammation. This inflam- 
mation was poorly controlled with topical 
corticosteroid therapy. Eleven days later, 
the inflammation had progressed to include 
a hypopyon and pupillary membrane. Dur- 
ing the next 6 weeks, the intraocular in- 
flammation vacillated in response to perio- 
cular and topical corticosteroids, until a 
marked exacerbation of her inflammation 
was noted. Her visual acuity dropped to 
1/200, and a nongranulomatous-appearing 
uveitis with hypopyon and dense pupillary 
membrane was observed. On the following 
day, a pars plana vitrectomy and partial 
capsulectomy were performed, and vitreous 
and aqueous specimens were collected for 
microbiologic investigation. Intravitreal ce- 
fazolin sodium (1 mg) was injected later the 
same day when gram-positive rods were 
noted in both the aqueous and vitreous 
specimens. Organisms recovered from the 
aqueous and vitreous were identified as 
Actinomyces viscosus. Intravenous cefazo- 
lin, gentamicin sulfate, and vancomycin hy- 
drochloride were administered for 3 days 
until sensitivity testing confirmed suscepti- 
bility to cefazolin, at which time the genta- 
micin and vancomycin were discontinued. 
Although the hypopyon resolved, intraocu- 
lar inflammation with large keratic precipi- 
tates persisted, prompting repeated vitre- 
ous aspiration for culture with intravitreal 
injection of an additional 1.5 mg of cefazolin 
sodium. The second vitreous specimen 
showed no growth. After 10 days of intra- 
venous cefazolin therapy, the patient was 
discharged from the hospital, and oral ce- 
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phalexin hydrochloride and topical dexa- 
methasone sodium phosphate were pre- 
scribed. Although the inflammation was 
resolving when the patient was last exam- 
ined, she was unavailable for follow-up and 
died 3 months after discharge. 

CASE 3.—A 76-year-old woman under- 
went an uneventful extracapsular cataract 
extraction with posterior chamber intraocu- 
lar lens implantation. Examination on the 
ninth postoperative day yielded normal 
findings, and an uncorrected visual acuity of 
20/40 was recorded. Twenty-eight days af- 
ter surgery, while still receiving routine 
postoperative topical corticosteroid thera- 
py, the patient complained of sudden onset 
of discomfort, photophobia, and redness in 
the eye that was operated on. On examina- 
tion, she was noted to have an uncorrected 
visual acuity of 20/80 and moderate anterior 
chamber inflammation. Topical 1% prednis- 
olone acetate was prescribed, but inflamma- 
tion remained poorly controlled. 

Forty-one days after surgery, visual acu- 
ity was reduced to hand motions. Granulo- 
matous-appearing keratic precipitates, hy- 
popyon, and a marked anterior chamber 
inflammatory reaction were noted. Anteri- 
or chamber and vitreous specimens were 
obtained for microbiologic investigation. 
Gentamicin sulfate (100 pg) was injected 
into the vitreous cavity, and subconjuncti- 
val gentamicin and cefazolin injections were 
also administered. Intravenous, subcon- 
junctival, and topical cefazolin and tobra- 
mycin treatment was begun; 72 hours after 
initiation of therapy, inflammation was seen 
to resolve. No organisms were seen on 
Gram’s and Giemsa stains of the aqueous 
and vitreous. All solid inoculation media 
were discarded after 48 hours with no 
growth. Only a broth inoculated with vitre- 
ous was retained. 

By day 6 of treatment, A viscosus was 
isolated from the vitreous specimen, 
prompting discontinuation of the previous 
antibiotic regimen. Oral penicillin V potas- 
sium (1 g four times daily) and probenecid 
(500 mg twice daily) therapies were initiat- 
ed, along with topically applied chloram- 
phenicol. She continued to receive oral peni- 
cillin therapy for 65 days. By the 10th day 
of treatment, the anterior chamber inflam- 
mation had cleared. After 18 months of 
follow-up, the eye was asymptomatic and 
visual acuity had improved to 20/20. 

CASE 4.—A 60-year-old man underwent 
an uncomplicated extracapsular cataract 
extraction with posterior chamber intraocu- 
lar lens implantation in the left eye and had 
a visual acuity of 20/20 in the early postop- 
erative period. His postoperative course 
was uneventful, and routine postoperative 
corticosteroid drops were discontinued af- 
ter 6 weeks. Four months after surgery, he 
noted pain, redness, and photophobia in the 
eye that had been operated on. He was 
observed to have moderate iridocyclitis that 
was poorly controlled with topical, subcon- 
junctival, and oral corticosteroid therapy. 
Six weeks later, visual acuity had deterio- 
rated to 2/200, and he was noted to have a 
granulomatous-appearing iridocyclitis and a 
white plaque in the peripheral capsule. An- 
terior chamber and vitreous specimens 
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were obtained for routine culture, but an- 
aerobic cultures were not performed; no 
organisms were recovered. The patient was 
treated with a 2-week course of intravenous 
antibiotics, and the inflammation resolved. 
Six months later, the granulomatous irido- 
eyclitis recurred. A partial capsulectomy, 
pars plana vitrectomy, and intraocular lens 
removal were performed, and again the 
aqueous and vitreous were cultured, yield- 
ing no growth. The inflammation persisted 
for an additional 4 months but was partially 
controlled with topical and periocular corti- 
costeroids. A final exacerbation of the gran- 
ulomatous inflammation 16 months after 
surgery prompted repeated pars plana vi- 
trectomy, removal of all remaining periph- 
eral capsular remnants, including the pe- 
ripheral capsular plaque, and injection of 
intravitreal gentamicin sulfate (100 pg) and 
vancomycin hydrochloride (1.0 mg). Anaer- 
obic vitreous cultures performed at this 
time revealed a mixed growth of Actinomy- 
ces israelii and P acnes. The inflammation 
resolved after 18 months of follow-up, but 
visual acuity was reduced to hand motions 
because of maculopathy. 


COMMENT 


In our report, we present four cases 
of chronic indolent endophthalmitis fol- 
lowing extracapsular cataract extrac- 
tion and posterior chamber lens im- 
plantation in which cultured 
intraocular specimens yielded Actino- 
myces species. The family Actinomy- 
cetaceae comprises gram-positive, 
non-spore-forming bacteria that grow 
as obligate or facultative anaerobes. 
On morphologic examination, the bac- 
teria have a tendency to form branch- 
ing filaments but may appear as pleo- 
morphic or club-shaped rods." This 
family is closely related to the Propion- 
ibacteriaceae, another family of gram- 
positive non-spore-forming anaerobes 
recently associated with delayed-on- 
set, chronic postoperative endophthal- 
mitis following extracapsular cataract 
extraction and posterior chamber in- 
traocular lens implantation." 

Although actinomycetes exist in the 
normal flora of the mouth and can be 
found in the mucous membrane of the 
genitourinary tract, they are also con- 
sidered facultative pathogens that can 
invade tissue. Actinomycetes cause 
chronic granulomatous infection that 
can give rise to suppuration, abscess 
formation, and draining sinuses.” 
These draining sinuses often contain 
macroscopic yellow concretions, known 
clinically as “sulfur granules.” Oph- 
thalmologists may find these granules 
in Actinomyces-associated chronic can- 
aliculitis.™” The prevailing species in 
major actinomycotic lesions is A israe- 
lii, which, in one series, accounted for 
797 (92%) of the 864 Actinomycetaceae 


isolated from such lesions.’ Other spe- 
cies that can cause actinomycosis in 
humans include Actinomyces naeslun- 
dii, A viscosus, Actinomyces odonto- 
lyticus, Actinomyces meyeri, Arach- 
nia propionica, and Bifidobacterium 
dentium. It is difficult to define the 
pathogenicity of these organisms, be- 
cause cultures of actinomycotic infec- 
tions rarely yield only the actinomy- 
cete. In these mixed infections, the 
actinomycete serves as the “guiding 
organism.” It is thought to be respon- 
sible for the clinical characteristics and 
course of the disease but presumably 
requires the presence of other organ- 
isms to enhance pathogenicity.’ This 
has made the causative role of Actino- 
myces difficult to evaluate. Pure cul- 
tures of Actinomyces were obtained in 
three of the four cases reported herein, 
giving some indication of the actual 
pathogenicity of these organisms. A 
mixed anaerobic intraocular infection 
occurred in case 4. The clinical charac- 
teristics of this case at presentation 
more closely resembled previously de- 
scribed cases of P acnes endophthalmi- 
tis than in our other three cases, in 
which Actinomyces alone was isolated. 

Optimal management of postopera- 
tive endophthalmitis caused by low- 
virulent anaerobic bacteria remains 
uncertain. The four cases of endoph- 
thalmitis described herein were man- 
aged by different surgeons, and the 
treatment modalities employed were 
diverse. In all four cases, intraocular, 
systemic, and topical antibiotics were 
used. In case 3, antibiotic treatment 
alone seemed to be curative. Actino- 
myces are generally sensitive to the 
cephalosporins, penicillin, chloram- 
phenicol, clindamycin, and vancomy- 
cin. ®™ In case 3, antibiotic treatment 
alone seemed to be curative. In the 
remaining cases, various surgical ma- 
neuvers were used, including partial or 
complete capsulectomy and intraocular 
lens removal. In retrospect, it cannot 
be ascertained whether surgical inter- 
vention was necessary. All cases 
seemed to be cured, with follow-up 
periods of 2 years for cases 1 and 4 and 
18 months for case 3. Although the 
patient described in case 2 died shortly 
after management, culture of a second 
vitreous sample obtained 5 days after 
initiation of treatment was negative. 
The eye described in case 3 was the 
only one that retained useful visual 
acuity of 20/20; the eye described in 
case 1 had a retinal detachment that 
resulted in no light perception. The 
visual acuity in case 4 became hand 
motions, which was attributed to a 
hemorrhagic maculopathy thought to 
be toxic in origin. 
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The management of cases of de- 
layed-onset, chronic postoperative in- 
flammation requires that the possibili- 
ty of intraocular replicating micro- 
organisms, such as Propionibacterium 
species, Staphylococcus epidermidis, 
and Achromobacter, **" be ruled out. 
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This requires the acquisition of aque- 
ous and vitreous specimens for micro- 
biologic investigation. Laboratory per- 
sonnel should be alerted to the 
possibility of low-virulent organisms, 
including anaerobic bacteria. Anaero- 
bic cultures should be held for 2 weeks 


References 


2):122-130. 

6. Holm P. Studies on the aetiology of human 
actinomycosis, I: the ‘other microbes’ of actinomy- 
cosis and their importance. Acta Pathol Microbiol 
Scand. 1950;27:736-751. 

7. Holm P. Studies of the aetiology of human 
actinomycosis, II: do the ‘other microbes’ of actino- 
mycosis possess virulence? Acta Pathol Microbiol 
Scand. 1951;26:391-406. 

8. Smith CH. Ocular actinomycosis. Proc R Soc 
Med. 1952;46:209-212. 

9. Pine L, Hardin H. Actinomyces israelii, a 
cause of lacrimal canaliculitis in man. J Bacteriol. 
1958;78:164-170. 

10. Pine L, Hardin H, Turner L, Roberts SS. 
Actinomycotie lacrimal canaliculitis. Am J Oph- 
thalmol. 1960;49:1278-1288. 

11. Richards WW. Actinomycotic lacrimal cana- 
liculitis. Am J Ophthalmol. 1973;75:155-157. 

12. Smith RL, Henderson PN. Actinomycotic 


Currently in Other AMA Journals 


ARCHIVES OF DERMATOLOGY 


Dual Publication and Manipulation of the Editorial Process 
C. William Hanke, MD; Kenneth A. Arndt, MD; Richard L. Dobson, MD; Leonard M. Dzubow, 
MD; Lawrence Charles Parish, MD; James S. Taylor, MD (Arch Dermatol. 1990;126:1625-1626) 


The Face of Leprosy in the United States Today 
Robert Jacobson, MD (Arch Dermatol. 1990;126:1627-1630) 


before being discarded. Actinomyces 
should now be considered an intraocu- 
lar pathogen with the ability to cause a 
delayed-onset, chronic postoperative 
endophthalmitis. 


canaliculitis. Aust J Ophthalmol. 1980; 8:75-79. 

13. Koneman EW, Allen SD, Dowell VR, et al. 
The anaerobic bacteria. In: Color Atlas and Text- 
book of Diagnositic Microbiology. 3rd ed. Philadel- 
phia, Pa: JB Lippincott; 1988:393-471. 

14. Chow AW, Cheng N. In vitro activities of 
daptomycin and paldimycin against gram-positive 
bacteria. Antimicrob Agents Chemother. 
1988;32:788-790. 

15, Ficker L, Meredith TA, Wilson LA, Kaplan 
HJ, Kozarsky AM. Chronic bacterial endophthal- 
mitis. Am J Ophthalmol. 1987;103:745-748. 

16. Manka RH, Nozik RA, Stern WH. Intraocu- 
lar Staphylococcus awreus abscess masquerading 
as chronic uveitis. Am J Ophthalmol. 1988;105:555- 
556. 

17. Walker J, Dangel ME, Makley TA, Oprem- 
cak EM. Postoperative Propionibacterium granu- 
losum endophthalmitis. Arch Ophthalmol. 
1990;108:1073-1074. 





62 Arch Ophthalmol—Vol 109, January 1991 


Actinomyces Endophthalmitis— Roussel et al 


Penetrating Ocular Injury From Contaminated Eating Utensils 


Richard M. Feist, MD; Jennifer I. Lim, MD; Brian C. Joondeph, MD; Stephen C. Pflugfelder, MD; 


William F. Mieler, MD; Benjamin H. Ticho, MD; Kenneth Resnick, MD 


è Although the rate of infectious en- 
dophthalmitis following penetrating ocu- 
lar injury is generally less than 10%, 
certain settings may carry a greater risk 
of infection. One such setting is penetrat- 
ing injury resulting from eating utensils 
contaminated with oral flora. We re- 
viewed six of these injuries. Culture-pos- 
itive bacterial endophthalmitis developed 
in four of the six eyes; only one of the 
eyes retained reading visual acuity 
(>20/50) and two eyes lost light percep- 
tion. The potential for infection and limit- 
ed visual outcome in this series warrants 
aggressive prophylaxis and treatment. 
The unexpected isolation of Haemophi- 
lus influenzae in two of the four infec- 
tions suggests that broad-spectrum anti- 
biotic treatment should be considered in 
all such injuries since less common or- 
ganisms may be encountered. 

(Arch Ophthalmol. 1991;109:63-66) 


E ndophthalmitis is a devastating 

complication of penetrating ocular 
trauma. Penetrating injuries involving 
eating utensils are uncommon and de- 
serve special consideration since the 
human mouth is richly colonized with 
bacteria capable of producing severe 
endophthalmitis.’ To our knowledge, 
only two cases of endophthalmitis in 
this setting have been reported in the 
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literature.’ We report herein six addi- 
tional cases of penetrating ocular inju- 
ry from eating utensils contaminated 
with oral flora. Five of these injuries 
were from forks, and one was from a 
spoon. Four of the eyes with fork- 
sustained injuries developed culture- 
positive bacterial endophthalmitis. 


MATERIALS AND METHODS 


The medical charts of the six patients 
were reviewed to obtain demographic char- 
acteristics, extent of ocular injury, visual 
results, time from injury to presentation, 
organisms isolated, therapeutic interven- 
tions, length of follow-up, and complica- 
tions. Intravitreal cultures were obtained 
under sterile operating room conditions at 
the time of the initial procedure in patients 
2, 3, and 5 and after the development of 
signs and symptoms of endophthalmitis in 
patient 4 (Table 1). Aqueous cultures were 
not obtained in these patients. Cultures 
were obtained without the use of millipore 
filters and were plated and read in accor- 
dance with previously described tech- 
niques.” All patients were followed up for at 
least 2 months (range, 2 to 22 months). 


RESULTS 


Visual results and further pertinent 
clinical data for the six patients (four 
male and two female) are shown in 
Table 1. The patients in this series 
ranged in age from 11 months to 52 
years (mean age, 23 years). Initial 
visual acuities ranged from finger 
counting to light perception. In pa- 
tients 1 through 5 the injury was sus- 
tained from a fork; patient 6 had an 
injury sustained from a spoon. The 
setting of injury varied: patient 1 was 
struck by a fork thrown by a younger 
sibling; patient 2 was the victim of a 
purposeful assault; patients 3 and 6 
were infants who accidentally struck 
themselves; and patients 4 and 5 were 
adults performing household work 


while holding forks. 

Six patients received intravenous 
broad-spectrum antibiotic treatment 
beginning at the time of admission. 
Four patients (patients 1, 3, 4, and 5) 
developed culture-positive endophthal- 
mitis; one patient (patient 5) presented 
with endophthalmitis within 24 hours 
of injury; one patient (patient 3) pre- 
sented with endophthalmitis 6 days 
after the injury; and two patients (pa- 
tients 1 and 4) developed endophthal- 
mitis after primary wound repair with- 
out prophylactic intravitreal or 
subconjunctival antibiotic treatment 
(Table 1). 

Five of the six patients underwent 
evaluation of their retinal status on 
presentation. This evaluation included 
indirect ophthalmoscopic examination 
in three patients (patients 2, 5, and 6) 
and ultrasonography in three patients 
(patients 1, 2, and 3) (Table 1). No 
retinal tears or detachments could be 
detected in these five patients; patient 
5 had a choroidal hemorrhage supero- 
temporally, detected by both indirect 
ophthalmoscopy and ultrasonography. 
Patient 4, who did not undergo initial 
retinal evaluation, was found to have 
no retinal tears or detachments on 
later evaluation. 

Visual recovery was limited, with 
only two of the four patients who de- 
veloped endophthalmitis recovering 
ambulatory visual acuity (>5/200). 

One patient (patient 2) received pro- 
phylactic intravitreal and subconjunc- 
tival antibiotic treatment at the time of 
initial wound repair. This patient, 
whose initial injury involved violation 
of the vitreous cavity, did not return 
for follow-up until 10 months after 
discharge. She was noted to have a 
total retinal detachment with prolifer- 
ative vitreoretinopathy and no signs of 
intervening endophthalmitis at the 
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Table 1.—Summary of Cases of Penetrating Ocula 



































Visual Acuity Surgery Vitreous Antibiotic Therapy r 
pe ae, pe ES a a St | ee ee ee ER 
Intra- Repeated 
Patient Days to Source/ venous (No. of d 
No./ Initial Type of Drug After Initial 
Sex Eye Age Treatment Initial Final Injury Therapy Initial Surgery) Initial Repeated 
1/M_ Right 8y <1 CF NLP Fork / scleral Gentamicin, Primary PPL (3), None None 
laceration cefazolin repair PPV 
(3, 17) 
2/F Left 38y <1 HM 6 ft LP Fork/scleral Gentamicin, Laceration None Clindamycin NA 
laceration cefazolin repair (500 ug) 
3/M_ Right 11 mo 6 LP NLP Fork / scleral Gentamicin PPV, PPL None Gentamicin NA « 
laceration (400 ug) 
4/Mt Left 37y <1 HM 20/400 Fork/corneal  Cefazolin Laceration PPL, None Clindamycin 
laceration repair PPV (3) (450 ug), 
tobramycin 
(200 u9), 
vancomycin 
(1 mg), 
dexamethasone 
(350 ug), 
chloramphenicol 
(750 yg), 
chloramphenicol 
(1 mg) 
5/F Right 52y <i CF 1ft 20/50 Fork/corneal Ceftriaxone Laceration None Vancomycin NA 
laceration repair (1 mg), 
gentamicin, 
(100 ug) 
6/M_ Right 14 mo <1 Unknown CSM Spoon/scleral Ceftriaxone Laceration PPL, None No 
laceration, repair PPV, 
complete air-fluid - 
hyphema, exchange 
vitreous (3) 
hemorrhage, 
traumatic 
cataract 


* CF indicates counting fingers; HM, hand motions; LP, light perception; NLP, no light perception; CSM, continuous, steady, maintained fixation; PPL, pars plana lensec- 
tomy; PPV, pars plana vitrectomy; NA, not applicable; and RD, retinal detachment. 
tPatient 4 received intravitreal antibiotic injections at the time of vitrectomy (clindamycin, tobramycin, vancomycin, and dexamethasone), and 2 and 3 days after vit- 
rectomy (chloramphenicol). Subconjunctival injection was also administered 3 days after vitrectomy. 


time of reexamination. This patient 
failed to keep further appointments 
necessary to schedule retinal detach- 
ment surgery. 


COMMENT 


While it is difficult to determine the 
frequency of ocular injury from eating 
utensils, this type of injury is probably 
more common than our literature re- 
view suggests. We were able to find 
only two cases,’ which represented 
two of 19 consecutive cases of culture- 
positive posttraumatic endophthalmi- 
tis managed at the Medical College of 
Wisconsin from 1975 through 1982. A 
review of 177 cases of open globe inju- 
ries at the Medical College of Wiscon- 
sin from 1986 through 1989 revealed 
one case of injury from an eating uten- 
sil (patient 6, Table 1). A similar re- 
view of 81 consecutive cases of open 
globe injury at the University of Illi- 
nois at Chicago from July 1988 through 
September 1989 revealed that three of 
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the cases were the result of injury with 
eating utensils (patients 1 through 3, 
Table 1). All four patients had recent 
history of oral contact with the utensil. 

The normal oral flora includes many 
bacteria capable of causing highly viru- 
lent endophthalmitis. Previous studies 
have isolated at least 42 species of 
bacteria from human saliva. Lynch? 
reported the following concentrations 
of bacteria in saliva: total anaerobes, 
1x10%mL; streptococci, 2 10'/mL; 
staphylococci and bacteroides, 
5 x 10°/mL,; coliforms, 2 x 10*/mL; actin- 
omycetes and protei both, less than 
100/mL. The number of species in- 
creases when gingivitis or periodonti- 
tis is present; Hikenella corrodens, a 
facultative gram-negative rod, for ex- 
ample, is present in 59% of plaque 
cultures but in only 0.3% of saliva 
samples." 

As expected, our series showed 
streptococci to be a fairly common 
isolate. Interestingly, Haemophilus 


influenzae, although present in only 
5% of bite wounds and not a common 
oral commensal organism,’ was isolat- 
ed in two of the four culture-positive 
cases in this series. This observation is 
in contrast to the two cases of ocular 
penetration by forks reported by Brin- 
ton et al’; these patients developed 
Staphylococcus epidermidis and strep- 
tococcal endophthalmitis, respectively, 
with final visual acuities of 3/200 and 
20/25. 

An analogous, infrequently reported 
type of injury is penetrating ocular 
injury from orthodontic headgear. Hol- 
land et al’ reported mixed infections 
involving three eyes of two patients; 
streptococcal species were found in all 
three of these eyes. Cultures from one 
of these eyes also yielded Haemophi- 
lus species. Visual results in the series 
reported by Holland et al were poor, 
with only one of the three eyes obtain- 
ing visual acuity better than light per- 
ception on follow-up examination. 
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Injury From Contaminated Eating Utensils* 


Subconjunctival Antibiotic 








































Therapy Vitreous Culture 
eS Initial 
Initial Repeated Retinal Compli- Follow- 
Surgery Surgery Initial Repeated Status cations up, mo 
No No Negative Strepto- No RD Phthisis 2 
coccus bulbi 
sanguis Il 
Clindamycin NA Negative NA No RD RD 10 
(50 mg), 
dexameth- 
asone 
(4 mg), 
gentamicin 
(20 mg) 
No NA Haemophilus NA No RD Phthisis 3 
influenzae bulbi 
No Chloram- a-hemolytic Not done Not Corneal 6 
phenicol, streptococci, evalu- scar 
(9 mg) diptheroids, ated 
Bacillus 
species, 
H influenzae 
Gentamicin NA Staphylo- NA No RD Corneal 4 
(20 mg) coccus scar 
epidermidis 
Gentamicin No Not done Not done No RD None 22 


(10 mg) 


Because of the wide variety of viru- 
lent organisms normally found in the 
human mouth, physicians should be 
highly suspicious of endophthalmitis 
when penetrating injury is due to po- 
tentially contaminated eating utensils. 
When evidence of ocular perforation is 
equivocal, the evaluating ophthalmolo- 
gist should explore the globe to rule 
out perforation. As case 1 illustrates, 
negative wound and vitreous cultures 
at the time of primary wound closure 
do not obviate the need for careful 
follow-up. 

Previous studies have suggested the 
importance of early recognition and 
treatment of intraocular infection. In 
an animal model, Davey et al? found 
that intravitreal antibiotic injections 
sterilized eyes with Pseudomonas en- 
dophthalmitis when administered 24 
hours after inoculation but not when 
administered 48 hours after inocula- 
tion. A number of clinical studies have 
shown poorer visual outcome when in- 
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travitreal antibiotic injection is de- 
layed more than 24 to 36 hours follow- 
ing the onset of symptoms.*” Further 
support for early treatment in high- 
risk endophthalmitis settings was pro- 
vided by Mieler et al,” who reported a 
series of 27 eyes with retained intrao- 
cular foreign bodies. Intraocular for- 
eign bodies in these 27 eyes were all 
promptly removed within a mean of 4.5 
hours after presentation. Positive cul- 
tures were seen in seven eyes, with 
the culture source being the foreign 
body in five eyes, the aqueous in one 
eye, and the vitreous in one eye. Two 
of the isolates were Bacillus species, 
isolates usually associated with ag- 
gressive endophthalmitis and poor vi- 
sual results. Despite these seven posi- 
tive cultures, none of the 27 eyes in the 
series reported by Mieler et al devel- 
oped clinical signs of infectious 
endophthalmitis. 

Another factor said to affect the 
visual prognosis in cases of posttrau- 
















Table 2.— Suggested Regimen for — 
Prophylaxis of Endophthalmitis — 
Following Trauma From Contaminated 
Eating Utensils 


Intravitreal 
Vancomycin (1 mg) and amikacin (400 ug) 
or gentamicin (100 ug) 


Subconjunctival 
Ceftazidime (100 mg) and amikacin (25 
mg) or gentamicin (25 mg) 


Topical 
Vancomycin (50 g/L), amikacin (20 g/L), 
and 1% prednisolone acetate 

Systemic (70-kg adults with normal renal 
function) 
Intravenous ceftazidime (2 g every 8 h) and 
intravenous amikacin (7.5 mg/kg loading 
dose, then 6 mg/kg every 8 h) or oral cip- 
rofloxacin (750 mg every 12 h) 











matic infectious endophthalmitis is ini- 
tial retinal status. In a series of 27 
cases, Affeldt et al” reported a uni- 
formly poor visual prognosis in pa- 
tients with coexistent endophthalmitis 
and retinal tears or detachment. 

While none of the six eyes in this 
series had retinal detachments on ini- 
tial evaluation, vitreous and anterior 
chamber hemorrhages were sufficient 
to impair (patients 2, 5, and 6) or 
prevent (patients 1, 3, and 4) early 
funduscopic examination (Table 1). Be- 
cause of this, early retinal tears cannot 
be definitively ruled out among those 
patients who developed either retinal 
detachment (patient 2) or phthisis 
bulbi (patients 1 and 3). 

While the studies mentioned above 
suggest a role for aggressive prophy- 
lactic treatment of eyes with penetrat- 
ing ocular trauma in settings with a 
high risk of infection, the optimal 
treatment of patients with ocular pene- 
tration from eating utensils is not yet 
certain. Based on the relatively high 
rate of infection in our series (four of 
six eyes) and the potentially treatable 
nature of posttraumatic infectious en- 
dophthalmitis, we recommend the 
strong consideration of prophylactic in- 
travitreal antibiotics, the use of sub- 
conjunctival antibiotics at the time of 
primary repair, 3 to 5 days of observa- 
tion with intravenous and topical anti- 
biotic therapy, and early and aggres- 
sive intervention for any sign of 
developing endophthalmitis. 

Although the effectiveness of pro- 
phylactic intravitreal antibiotics at the 
time of primary wound repair has not 
been proved, we believe that the risk 
and severity of endophthalmitis in this 
setting warrants the consideration of 
this step, especially when the vitreous 
cavity has been violated. When signs 
suggesting early endophthalmitis, such 
as retinal periphlebitis,” are seen, pa- 
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tients should be immediately treated 
with intravitreal antibiotics and vitrec- 
tomy in accordance with current thera- 
peutic recommendations." Given the 
unexpectedly high rate of Haemophi- 
lus isolates in this series, special con- 
sideration should be given to broad- 
spectrum antibiotics that include 
coverage of this organism. Table 2 lists 
our suggestions for initial antibiotic 
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prophylaxis of eyes after penetrating 
injury from contaminated eating uten- 
sils. This is by no means the only 
appropriate combination of antibiotics 
for this setting, and intravenous, topi- 
eal, and subconjunctival antibiotic 
therapy may be modified as indicated 
by culture results. 

While the visual prognosis of eyes 
sustaining penetrating ocular injury 
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from contaminated eating utensils may 
be limited, satisfactory visual results 
may be achieved. In this setting we 
must keep in mind that there is a high 
potential for infection with multiple 
organisms not commonly encountered 
in intraocular infections. 
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Systemic Sulfonamides as a Cause 
of Bilateral, Anterior Uveitis 


Morris E. Tilden, MD; James T. Rosenbaum, MD; Frederick T. Fraunfelder, MD 


e Between September 1976 and May 
1989, 12 cases of uveitis attributed to the 
systemic use of sulfonamide derivatives 
were reported to the National Registry of 
Drug-Induced Ocular Side Effects and 
the US Food and Drug Administration. 
We evaluated these reports in addition to 
one case previously reported in the liter- 
ature and one patient seen at the Uveitis 
Clinic, Oregon Health Sciences Universi- 
ty, Portland. The patients’ median age 
was 34 years. Twelve of 14 patients were 
treated with trimethoprim-sulfamethoxa- 
zole. All patients for whom the location 
of the eye disease was specified present- 
ed with an iritis. Six reports included a 
description of ocular symmetry, with all 
patients having bilateral inflammation. Of 
the nine patients for whom data on the 
duration of drug use was available, sev- 
en experienced adverse effects within 8 
days of beginning trimethoprim-sulfa- 


he use of sulfonamide derivatives 

has become a mainstay in the treat- 
ment of many bacterial infections. 
They were the first chemotherapeutic 
agents systemically effective in the 
cure and prevention of bacterial infec- 
tions in humans. With the addition of 
trimethoprim-sulfamethoxazole in the 
mid-1970s, this combination became an 
important weapon in the treatment of 
a wide range of microbial infections. 

The complications associated with 
the systemic use of sulfonamides, alone 
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methoxazole therapy and four showed 
effects within 24 hours. Three patients 
had histories of rechallenge with trimeth- 
oprim-sulfamethoxazole, and in each 
case acute iritis recurred within 24 hours 
of reinstitution of therapy. Five patients 
had additional evidence of an adverse 
reaction manifested as Stevens-Johnson 
syndrome, erythema multiforme, diffuse 
macular or vesicular rashes, stomatitis, 
glossitis, conjunctival and scleral injec- 
tion, and granulomatous hepatitis. The 
consistent presentation including bilater- 
al, anterior inflammation and the recur- 
rence with rechallenge strongly indicate 
a cause-effect relationship. Although 
uveitis secondary to sulfonamides is a 
rarely diagnosed clinical event, recogni- 
tion of the distinct presentation of this 
entity is important in the differential diag- 
nosis of uveitis. 
(Arch Ophthalmol. 1991 ;109:67-69) 


and in combination with trimethoprim, 
are numerous and may involve nearly 
every organ system.’ The overall inci- 
dence of untoward effects in patients 
treated with sulfonamides alone is esti- 
mated at approximately 5%.”° 

Sulfonamides have also been found 
to cause numerous ocular side effects.* 
Systemic administration has been as- 
sociated with visual changes, optic 
nerve and retinal findings, myopia, 
ptosis, crystal formation in tears, 
staining of contact lenses, periorbital 
edema, keratitis, conjunctivitis, photo- 
sensitivity, and ocular manifestations 
consistent with the system syndromes 
mentioned above. Most of the side 
effects are rare and reversible. Ad- 
verse reactions may also be seen with 
the topical administration of sulfa 
preparations. 


Uveitis related to the systemic use 
of drugs is rare. We describe a child 
who was seen in the Department of 
Ophthalmology, Oregon Health Sci- 
ences University (OHSU), Portland, 
with a diagnosis of bilateral, anterior 
uveitis presumed secondary to the sys- 
temic use of trimethoprim-sulfameth- 
oxazole. The location and symmetry of 
inflammation in our index case resem- 
ble those noted in 12 episodes of uve- 
itis presumed secondary to sulfon- 
amide use reported to the National 
Registry of Drug-Induced Ocular Side- 
Effects and in an anecdotal report in 
the ophthalmologic literature.’ The re- 
producible characteristics of uveitis 
subsequent to sulfonamide therapy 
and the recurrence of disease with 
medication rechallenge in three pa- 
tients indicate that uveitis secondary 
to sulfonamides is a rare but causally 
related event. 


MATERIALS AND METHODS 


The Food and Drug Administration Spon- 
taneous Reporting System’ collects reports 
of adverse drug reactions associated with 
biologic products and drugs from health 
professionals, consumers, and drug manu- 
facturers. The National Registry of Drug- 
Induced Ocular Side Effects, located at 
OHSU, is a specialty registry database 
supported by the American Academy of 
Ophthalmology. The Registry collects and 
evaluates spontaneous reports of adverse 
ocular events associated with drug use. 
Determination of the nature of the suspect- 
ed reaction is made by the reporting physi- 
cian. The Food and Drug Administration 
and the Registry, through their systems of 
spontaneous reporting, receive only a frac- 
tion of the actual number of adverse drug 
reactions. This system helps to signal possi- 
ble side effects and drug toxicities associat- 
ed with drug use that were not recognized 
in preclinical trials or problems that are 
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associated with a particular subset of the 
user population. 

We reviewed instances of uveitis attrib- 
uted to the systemic use of sulfonamide 
derivatives reported to the Food and Drug 
Administration or the National Registry of 
Drug-Induced Ocular Side Effects between 
September 1976 and May 1989. The follow- 
ing data were sought for each patient who 
experienced uveitis after the systemic use 
of a sulfonamide derivative: age, sex, medi- 
cation taken, concomitant medications, indi- 
cation for therapy, duration of treatment, 
time to onset of uveitis, symmetry and 
location of reaction, other associated com- 
plications of drug therapy, prior reports of 
drug allergy, and outcome of drug rechal- 
lenge. In a drug rechallenge, the patient is 
reexposed to the suspected medication after 
resolution of the uveitis. The test results 
are considered positive if the uveitis 
reappears. 

The Uveitis Clinic at OHSU is staffed by 
a rheumatologist and members of the oph- 
thalmology department. Information about 
this clinic population is published else- 
where.’ A MEDLINE search located five 
previously reported cases of iritis second- 
ary to sulfonamide therapy.’*” Four of 
these reports were published before 
1962.°" They were not included in this 
analysis due to the lack of specific detail and 
the potential involvement of complicating 
factors, such as underlying medical prob- 
lems and other drug treatment. The report 
by Fujardo’ and the patient seen by us in 
the Uveitis Clinic will be included in our 
analysis. 


REPORT OF A CASE 


A 2-year-old boy was in excellent health 
until he developed an upper respiratory 
tract infection and an earache. He was seen 
by his pediatrician and received a 10-day 
course of trimethoprim-sulfamethoxazole 
for a presumed otitis media. The antibiotics 
were taken without incident, and the pa- 
tient’s infections apparently cleared. Sever- 
al days after completing his course of antibi- 
otic treatment, his mother noticed some 
increased redness of his cheeks. Several 
days later, and 10 days before presentation 
to OHSU, the patient began to complain of 
glare from the television or sun. His mother 
noted that both of his eyes appeared red. 

Five days after the ocular complaints 
began, the patient was evaluated by a local 
ophthalmologist who noted mild conjuncti- 
vitis and anterior chamber cell and flare 
bilaterally. Results of a further workup 3 
days later included normal chest roentgeno- 
graphic findings, negative rheumatoid fac- 
tor and antinuclear antibody screens, an 
erythrocyte sedimentation rate of 12 mm/h, 
and a normal complete blood cell count. The 
patient had had a purified protein deriva- 
tive skin test approximately 6 months pre- 
viously, the results of which were negative. 
Results of his general physical examination 
at that time were unremarkable, with no 
organomegaly, arthritis, or adenopathy. 

The ophthalmologic examination done at 
OHSU disclosed a normal fix and follow 
response to hand puppet. The patient 
picked up a bottle cap with either eye 
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covered and had no objection to the eye 
covering on either side. Extraocular mus- 
cles were full and pupils were briskly reac- 
tive bilaterally with no afferent defect. The 
slit-lamp examination showed nonhypere- 
mic conjunctivae, with clear corneas bilat- 
erally. The anterior chambers demonstrat- 
ed 1+ cell after pupillary dilatation. The 
iris and lens both appeared normal and 
results of the fundus examination were 
unremarkable. 

A working diagnosis of a drug reaction 
manifested by bilateral anterior uveitis sec- 
ondary to sulfonamide therapy was made, 
and the patient’s mother was cautioned 
against any further treatment with sulfa 
derivatives. We believed that the patient's 
inflammatory condition was improving and 
he did not require further therapy. The 
patient was referred back to his ophthal- 
mologist, who reported complete resolution 
of inflammation and no recurrence during a 
4-year follow-up. Although the eye inflam- 
mation could have been the initial manifes- 
tation of a subset of pauciarticular juvenile 
rheumatoid arthritis, the patient’s sex, age, 
and negative antinuclear antibody screens, 
as well as the absence of arthritis and the 
spontaneous improvement of the inflamma- 
tion, would make this an atypical presenta- 
tion for this diagnosis. 


RESULTS 


To date, the Food and Drug Admin- 
istration and the National Registry of 
Drug-Induced Ocular Side Effects 
have received 12 reports of uveitis 
attributed to the systemic use of sul- 
fonamide derivatives. Ten patients 
were receiving trimethoprim-sulfa- 
methoxazole, one was taking sulfacy- 
tine, and another was reportedly tak- 
ing an unspecified sulfonamide 
derivative. In addition, we have in- 
cluded in our analysis one case of sul- 
fonamide-induced iritis’ previously re- 
ported in the literature and the child 
described above. Age and sex were 
recorded for 13 of the 14 patients de- 
scribed. Their ages ranged from 2 to 58 
years, with a median age of 34 years. 
Five patients were male and eight 
were female. 

Among the 10 patients with a stated 
indication for therapy, seven were be- 
ing treated for urinary tract infections. 
Six were treated with trimethoprim- 
sulfamethoxazole, including one pa- 
tient with prostatitis and epididymitis, 
and one was treated with sulfacytine 
for an episode of prostatitis and ure- 
thritis. This patient also received fla- 
voxate hydrochloride as a urinary tract 
antispasmodic agent. The three re- 
maining patients were all treated with 
trimethoprim-sulfamethoxazole for 
varied reasons, including an infected 
cyst, otitis media with an associated 
upper respiratory tract infection, and a 
lobar pneumonia. This last patient also 
received one 1500-mg dose of amoxicil- 


lin trihydrate. The duration of therapy 
prior to the initial onset of ocular in- 
flammation was reported in nine pa- 
tients and ranged from 1 to 24 days 
(mean [+SD] duration, 7+8 days), 
with four episodes (44%) occurring 
within 24 hours and three episodes 
(33%) occurring between 2 and 8 days 
after therapy was initiated. The total 
duration of therapy ranged from 1 to 
30 days (mean duration, 7+8 days) in 
the 11 patients described. 

The patients’ ophthalmic findings 
were separated into location and sym- 
metry. Of 12 patients for whom a 
specific location of the uveitis was giv- 
en, each was noted to have an iritis. 
Symmetry was reported in six pa- 
tients, and a bilateral iritis was pre- 
sent in all of these patients. Three 
patients were later rechallenged with 
trimethoprim-sulfamethoxazole for an- 
other systemic infection, and all three 
had an immediate recurrence of acute 
bilateral iritis/anterior uveitis within 
24 hours of beginning therapy. One 
patient was rechallenged twice, with 
disease recurring each time. 

Other side effects related to sulfon- 
amide use were also noted in some of 
the cases. One patient who was also 
receiving aspirin presented with ap- 
parent Stevens-Johnson syndrome 
within 24 days of beginning trimetho- 
prim-sulfamethoxazole therapy. This 
manifested as a fever (40.3°C), head- 
ache, myalgia, nausea, vomiting, dif- 
fuse macular rash, photophobia, and 
bilateral iritis and conjunctivitis. An- 
other patient reportedly had erythema 
multiforme, stomatitis, glossitis, and 
iritis, all of which began within 24 
hours of therapy. Two more patients 
suffered from a vesicular rash, one of 
whom also had stomatitis, and another 
had a biopsy-proved case of granulo- 
matous hepatitis. One other patient 
had “abnormal liver function tests” 
first noted within 4 days of therapy; 
the results were normal when the test 
was repeated 48 days later. 


COMMENT 


We believe that sulfonamides may 
cause a bilateral, acute-onset iritis on 
rare occasions. Most patients (nine of 
14 in this report) did not manifest 
other evidence of drug-related toxic- 
ity. Therefore, a detailed history of 
medication use is required to suspect 
this diagnosis. 

Sulfonamide therapy has been asso- 
ciated with many different toxic and 
hypersensitivity-related complications 
since it was first used clinically in 1933 
for staphylococcal septicemia in a 10- 
month-old infant.” When a patient de- 
velops a new sign or symptom while 
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receiving a medication, it is frequently 
difficult to establish that the medica- 
tion is causally related to the process. 
Several observations, however, indi- 
cate that sulfonamide use can be caus- 
ally related to iritis. First, the drug 
registry includes data on three pa- 
tients who were rechallenged with a 
sulfa drug. In each case, the patients 
developed a recurrence of iritis within 
24 hours. Second, if the medication is 
not causally related to the uveitis, one 
would predict a mixture of anterior, 
intermediate, and posterior uveitis as 
well as a mix of unilateral and bilateral 
disease. Instead, one finds bilateral, 
anterior disease consistently. Al- 
though other medications or an under- 
lying disease process, such as a viral 
illness, could also be possible causes of 
iritis, only three patients were known 
to be receiving other medications, as 
noted in the “Results” section, and 
most had bacterial rather than viral 
infections. 
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Trimethoprim-sulfamethoxazole is 
thought to be three times more likely 
to cause dermatologic reactions than 
sulfamethoxazole alone.” Trimetho- 
prim-sulfamethoxazole certainly ac- 
counts for the majority of our case 
reports. Our data cannot distinguish 
between an allergic and a toxic cause 
of uveitis. Trimethoprim-sulfamethox- 
azole is known to have wide biologic 
distribution and is present in ocular 
fluids.” The rapid return of disease 
after rechallenge suggests an immuno- 
logically mediated process. However, 
the onset of the disease within a few 
days of initiating therapy is atypical 
for an immune response unless prior 
exposure to the immunogen had oc- 
curred. Unfortunately, our data are 
incomplete with regard to the duration 
of the disease and the ultimate visual 
morbidity of the reaction. Of four pa- 
tients for whom follow-up data could 
be obtained, resolution occurred for 
three within 70 days, with presumably 
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little residual morbidity. Increased in- 
traocular pressure and anterior syne- 
chiae were prominent features in one 
patient.” 

Since sulfonamides are widely pre- 
scribed, sulfonamide-induced iritis 
must be a rare event. However, the 
recognition of this possibility assists in 
the differential diagnosis and contrib- 
utes to making decisions with regard 
to treatment, as exemplified in the 
case report from our own clinical 
experience. 
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The Relationship of Visual Acuity, Refractive 
Error, and Pupil Size After Radial Keratotomy 


Jack T. Holladay, MD; Michael J. Lynn, MS; George O. Waring III, MD; 
Mary Gemmill, COMT; Gordon C. Keehn, MD; Brooke Fielding, MS 


è To better define the relationship be- 
tween residual refractive error, uncor- 
rected visual acuity, and pupil diameter, 
we compared 42 eyes that had an eight- 
incision radial keratotomy according to 
the Prospective Evaluation of Radial Ker- 
atotomy Study protocol with 42 matched 
control eyes. The parameters measured 
were best corrected visual acuity, uncor- 
rected visual acuity, and the change in 
cycloplegic refraction with enlarging pu- 
pil diameter. The best corrected visual 
acuity was 20/16 in both the radial kera- 
totomy and control groups, but the vari- 
ability (SD) was higher in the radial kera- 
totomy group. The average uncorrected 
visual acuity was 0.35 (35%) better in the 
radial keratotomy group, but the variabil- 
ity was 1.77 times higher. Change in 
refraction with dilation occurred in 9% of 
the controls and 36% of the radial kerato- 
tomy patients, indicating a significant 
difference (P=.002). The change in re- 
fraction with dilation in the eyes with 
radial keratotomy was almost equally 
split between a hyperopic change (17%) 
and a myopic change (18%), which was 
much different than in the control eyes, 
only 2% of which changed in a hyperopic 
direction and 7% in a myopic direction. 
The radial keratotomy patients with a 
myopic change had the best uncorrected 
visual acuity, indicating that positive 
spherical aberration yielded the best 
aspherical surface for uncorrected visual 
acuity. 

(Arch Ophthalmol. 1991;109:70-76) 





From the Hermann Eye Center, Department of 
Ophthalmology, University of Texas Medical 
School, Houston (Drs Holladay and Keehn); and 
the Departments of Ophthalmology (Dr Waring 
and Ms Gemmill) and Epidemiology and Biostatis- 
ties (Mr Lynn and Ms Fielding), Emory Universi- 
ty, Atlanta, Ga. 

Reprint requests to Hermann Eye Center, Her- 
mann Hospital, 6411 Fannin, Houston, TX 77030 
(Dr Holladay). 


70 Arch Ophthalmol—Vol 109, January 1991 


he outcome following radial kerato- 

tomy is usually characterized by 
residual refractive error, uncorrected 
visual acuity, and best spectacle-cor- 
rected visual acuity. In a previous 
study’ we demonstrated that for myo- 
pic refractive errors ranging from 
—2.00 to —2.50 diopters (D) the un- 
corrected visual acuity was better for 
eyes that had radial keratotomy than 
for eyes that were not operated on. In 
that study, visual acuity was measured 
with the pupil undilated and the refrac- 
tive error was measured with the pupil 
dilated. This variation in pupil diame- 
ter could have been a significant factor 
in determining the results.” 

A thorough assessment of refraction 
and visual acuity after radial kerato- 
tomy requires control of both accom- 
modation and pupil diameter. This 
control is necessary because young pa- 
tients tend to accommodate during re- 
fraction, leading to an overestimate of 
their myopia. Also, a dilated pupil 
allows the paracentral optics of the 
cornea to change the refractive error. 
In the present study we have evaluat- 
ed the influence of pupil diameter on 
the uncorrected visual acuity and the 
cycloplegic refractive error by using a 
variable-diameter artificial circular ap- 
erture to simulate the “natural” pupil 
diameter during cycloplegia. These 
measurements were made in a series of 
42 eyes after radial keratotomy in the 
Prospective Evaluation of Radial Ker- 
atotomy (PERK) Study and in a group 
of control eyes matched for age and 
refractive error. 


PATIENTS AND METHODS 
Patient Selection 
Two groups of patients were selected for 


study: 25 patients who had an eight-incision 
radial keratotomy in the PERK study’ and 


21 control patients matched for age and 
cycloplegic refractive error. The radial ker- 
atotomy patients were chosen by asking 
each patient who returned for a regularly 
scheduled visit in the PERK study to par- 
ticipate in this substudy. The first 25 con- 
secutive patients who agreed to participate 
were selected. 

The 25 radial keratotomy patients (50 
eyes) were examined using the standard- 
ized examination techniques outlined by the 
PERK protocol.’ Of these 50 eyes, 42 quali- 
fied for the study. Eight eyes were exclud- 
ed for the following reasons: five were not 
operated on, two had 16 incisions, and one 
had four incisions. The 25 radial keratotomy 
patients ranged in age from 32 to 53 years 
(mean, 41+6.2 years). The mean (+SD) 
spherical equivalent of the undilated mani- 
fest refraction was —0.15 (+1.09) D and 
ranged from —4.12 to +2.75 D. 

The control group consisted of 21 volun- 
teers selected from an outpatient clinic pop- 
ulation and employees of the Emory Clinic, 
Atlanta, Ga, yielding 42 eyes that were not 
operated on that had no ocular pathology. 
We attempted to match the control group 
with the radial keratotomy group by age in 
decades and cycloplegic refractive error 
(+1.00 D). Recruiting young hyperopic 
controls was difficult because most young 
people with hyperopia are unaware of their 
refractive error. As a result, there were 
five cases in which the differences were 
outside these limits: four age differences of 
11, 12, 16, and 23 years and one refractive 
difference of 1.38 D. The range of age for 
the control group was 26 to 57 years 
(mean+SD, 42+9.2 years). The mean 
spherical equivalent of the undilated mani- 
fest refraction was —0.25 (+1.02) D and 
ranged from —3.25 to +2.12 D. 


Clinical Measurements 


Measurements taken prior to dilation in- 
cluded the natural pupil diameter, uncor- 
rected visual acuity, manifest refraction, 
and best spectacle-corrected visual acuity. 
The natural pupil diameter prior to dilation 
was measured with a ruler to the nearest 
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half millimeter while the patient was fixat- 
ing on the distance visual acuity chart, with 
trial frames in place under room illumina- 
tion of approximately 10 foot-candles. Phen- 
ylephrine hydrochloride, 2.5%, and tropica- 
mide, 1.0%, were then instilled, and, after a 
minimum of 20 minutes, a dilated (cyclople- 
gic) manifest refraction was performed. The 
dilated refraction was repeated through a 
circular aperture in the trial frame; the 
diameter of the aperture was the same 
diameter as that of the patient's natural 
pupil prior to dilation. 


Definition of Defocus Equivalent 
for Grouping Refractive Errors 


Eyes were grouped by similar cycloplegic 
refractive errors to evaluate the uncorrect- 
ed visual acuity for a given pupil diameter. 
These groupings were not based solely on 
the spheroequivalent of the refraction, be- 
cause, in patients with astigmatism, the 
spheroequivalent does not provide suffi- 
cient information to predict its effect on 
visual acuity. For example, a patient with a 
refraction of — 1.00 + 2.00 x 90° has a spher- 
oequivalent of zero but certainly would not 
be expected to have the same visual acuity 
as a person with zero refractive error for 
the same pupil diameter, even though both 
have spheroequivalents of zero. 

To eliminate this inequity, a value termed 
the defocus equivalent was calculated that 
is proportional to the area of the blur circle 
formed on the retina by various spherocy- 
lindric refractive errors. This method of 
grouping patients with differing spherocy- 
lindric refractive errors allows a correlation 
with Snellen visual acuity that has been 
described and verified clinically by previous 
investigators."* When the pupil is dilated 
and accommodation paralyzed, the defocus 
equivalent is equal to the sum of the abso- 
lute value of the spheroequivalent plus half 
the absolute value of the cylinder. In the 
previous example, the patient with a 
—1.00+2.00 x 90° refractive error would 
have a spheroequivalent of zero, and half of 
the cylinder is one, yielding a defocus 
equivalent of 1.00 D. For grouping pur- 
poses, this patient would be considered 
equivalent to someone with 1.00 D of simple 
myopia. 

In the natural, undilated state, where 
accommodation is allowed, a patient with 
hyperopia accommodates to obtain the 
clearest retinal image, moving the circle of 
least confusion anteriorly onto the retina. 
As a result, in the undilated state, the 
defocus equivalent would simply equal half 
the absolute value of the cylinder; the 
spheroequivalent is zero. 


Role of Pupil Diameter and Depth of Field 


To determine the clarity of a defocused 
image in any optical system, the depth of 
field (sensitivity to defocus) or the f-number 
(relative aperture) of the system must be 
known. To estimate the visual acuity in a 
patient with a known refractive error, the 
f-number of the eye must be known. In any 
optical system, the f-number is the ratio of 
the effective focal length to the diameter of 
the clear aperture of the system.” In the 
eye, this would be the effective focal length 
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Table 1.—Snellen Visual Acuity as a Function of Pupil Size and Defocus 


Snellen Visual Acuity by Pupil Size, mm 















































Defocus, p 
Diopters 0.5 1.0 2.0 3.0 4.0 5.0 6.0 7.0 
TDL* 20/36 20/18 20/09 20/06 20/04 20/04 20/03 20/03 
0.0 20/36 20/18 20/10 20/09 20/10 20/10 20/11 20/11 
0.5 20/36 20/22 20/13 20/15 20/19 20/24 20/28 20/30 20/31 
1.0 20/36 20/27 20/19 20/24 20/33 20/44 20/52 20/56 20/58 
2.0 20/37 20/33 20/36 20/49 20/68 20/95 20/121 20/130 20/135 
3.0 20/38 20/39 20/60 20/83 20/117 20/168 20/214 20/230 20/239 
4.0 20/39 20/47 20/95 20/132 20/182 20/252 20/307 20/330 20/343 

















20/140 





5.0 20/40 20/56 








*TDL indicates theoretical diffraction limits. 


of the eye divided by the diameter of the 
entrance pupil. The entrance pupil is the 
same as the apparent pupil but approxi- 
mately 14% larger than the actual pupil.” 

In the human eye, using the Gullstrand 
Model,’ the effective focal length is approxi- 
mately 22.8 mm. For pupil diameters from 
1 to 8 mm, this would result in f-numbers 
ranging from 22.8 to 2.85, very close to the 
range of f-numbers found on a standard 35- 
mm camera. Since refractive errors in this 
study were moderate (+4 to —4), there 
was less than a 10% probability that the 
effective focal length would vary by more 
than 10% from the mean value of 22.8.” 
Thus, in our study the f-number of an eye 
can be estimated by using the pupil diame- 
ter alone. For extremely long or short eyes 
these estimates would be inaccurate by the 
percentage difference between the actual 
effective focal length of the eye compared 
with 22.8 mm. 


Creation of Historical Reference Grid 


Early studies relating visual acuity 
and refractive error rarely considered the 
f-number of the eyes and in some cases 
never mentioned the pupil diameter, result- 
ing in a large amount of variability in their 
findings. Later studies,“*"” however, re- 
duced the variability by giving ambient 
light levels and patient age, for which an 
average pupil diameter could be deter- 
mined.” More recent studies did record the 
pupil diameter, visual acuity, and refractive 
error’ and found the most consistent rela- 
tionship among these three parameters. We 
have taken the refractive errors, visual 
acuities, and pupil diameters reported in 
these 12 studies™™®® from 1928 to 1990 
and tabulated the results to create a “his- 
torical reference grid” (Table 1). 

When differences in Snellen visual acu- 
ities existed for the same pupil size and 
refractive error, a simple average of the 
visual acuities from each study was used to 
compute the historical grid value. A weight- 
ed average was not used because some of 
the studies had over 10000 patients and 
others had fewer than 10 patients, which 
would have resulted in a negligible effect of 
the smaller studies. Nevertheless, the cor- 
relation of values among the studies was 
always within two lines and usually within 
one line of the same Snellen visual acuity. 

These historical reference grid values are 
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plotted in Figures 1 through 3, illustrating 
the complex relationship of these three 
parameters over the normal physiologic 
range of the human eye. The historical 
reference grid provided Snellen visual acu- 
ity values with which both the radial kera- 
totomy patients and controls could be 
compared. 


Definition of Visual Acuity Ratio 


The defocus equivalent (the magnitude of 
the spheroequivalent added to half of the 
magnitude of the cylinder) was calculated 
for all radial keratotomy and control eyes 
using the cycloplegic refraction through the 
circular aperture and compared with the 
corresponding values of the historical refer- 
ence grid (Table 1). The comparison was 
made by establishing a visual acuity ratio 
obtained by dividing the denominator of the 
patient’s uncorrected Snellen visual acuity 
for a given defocus and pupil diameter into 
the denominator of the corresponding value 
from the historical reference grid. 

For example, one radial keratotomy pa- 
tient with a pupil 4.0 mm in diameter and a 
defocus equivalent of 2 D had an uncorrect- 
ed visual acuity of 20/50. The corresponding 
visual acuity in the historical reference grid 
is 20/68, so the visual acuity ratio would be 
1.36 (68/50). The visual acuity ratio is there- 
fore similar to the decimal notation for 
visual acuity; values less than 1 are worse 
than the expected normal values, and val- 
ues greater than 1 are better than expected 
normal values. In the previous example, the 
visual acuity ratio of 1.36 indicates that the 
visual acuity is 0.36 (36%) better than the 
corresponding historical reference grid val- 
ue. The visual acuity ratios in the radial 
keratotomy and control groups were com- 
pared using the Mann-Whitney U test. 


RESULTS 


Dilated Refraction With 
and Without Circular Aperture 


We compared the spheroequivalent 
of the cycloplegic refractive error with 
the pupil dilated with and without the 
circular aperture of the same diameter 
as the natural pupil. In the control 
group only four (9%) of 42 eyes had a 
change in their dilated refractions with 
and without the circular aperture. 


Radial Keratotomy—Holladayetal 71 





20/1.25 Diffraction Effect Stiles-Crawford Effect 
i en al 
20/2.5 Fak ee e- aia dY 
‘site Limit 4} —_, pirat gg — 
neo er eadi Optical P P 
Zai ü Aberrations | 
> 20/10 Tees ; 
3S "~ Defocus (Nominal), D 
Bias O25 SOMES wee 
7 20/40 
Cc 
= 20/80 
no 30 
20/160 I 4.0 
U $- Average SD 
20/320 j 50 
l 
20/640 
0 05.1 2 3 4 5 6 7 8 


Pupil Size, mm 


Fig 1.—The Snellen visual acuity vs pupil diameter as a function of diopters (D) of defocus in 
normal eyes. For pupil diameters less than 0.5 mm, the visual acuity is completely determined by 
the diffraction limit and is not affected by defocus up to 5 D. Between pupil diameters of 0.5 and 
3.0 mm, the visual acuity is determined by a complex interplay among diffraction, defocus, and 
optical aberrations. For diameters above 3.0 mm, diffraction is no longer a factor but the Stiles- 
Crawford effect becomes a contributing factor. Above 5.4 mm, the additional pupil area has little 
effect on Snellen visual acuity due to the Stiles-Crawford effect. 
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Fig 2.—The Snellen visual acuity vs diopters (D) of defocus as a function of pupil diameter in 
normal eyes. These are the same values used in Fig 1 replotted using defocus as the x axis, so 
that for a given pupil diameter the effect of defocus can be seen. The curves for 6- and 8-mm 
pupils have been omitted for clarity since they are so close to the curve for the 7-mm pupil. 


Three of these eyes (7%) changed in 
the myopic direction and one (2%) 
changed in the hyperopic direction. In 
the radial keratotomy group, in con- 
trast, 15 (86%) of 42 eyes had a change 
in the dilated refraction with and with- 
out the circular aperture. Eight eyes 
(19%) changed in the myopic direction 
and seven (17%) changed in the hyper- 
opic direction. 
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Visual Acuity 

The mean value of the uncorrected 
visual acuity ratio with the natural- 
diameter pupil was 0.95+0.39 for the 
control group and 1.30+0.67 for the 
radial keratotomy group, indicating 
that the control group had an average 
visual acuity that was 0.05 (5%) worse 
than the historical reference grid, and 
the radial keratotomy group had an 


average visual acuity that was 0.30 
(30%) better than the historical refer- 
ence grid. For reference, a one-line 
difference in Snellen visual acuity is 
approximately a 25% difference in vi- 
sual acuity in the range between 20/20 
and 20/100 on the standard Snellen 
visual acuity chart. The 5% difference 
between the control group and the 
historical reference grid shows excel- 
lent agreement, since this represents 
one fifth of a Snellen acuity line differ- 
ence (approximately one letter). 

The difference in the mean values of 
the visual acuity ratios for the two 
groups was 0.35, and the distribution 
of visual acuity ratios was significantly 
different between the two groups 
(P=.002). The 0.35 difference indi- 
cates that the radial keratotomy group 
had an average visual acuity that was 
35% (approximately 1.4 Snellen lines) 
better than that of the control group 
for the same pupil diameter and defo- 
cus equivalent. The variability (SD) of 
the visual acuity ratio in the radial 
keratotomy group was 0.67, almost 
twice that of the control group (0.39) 
for the same pupil diameter and defo- 
cus equivalent. 

In the seven radial keratotomy eyes 
(17%) that had a myopic change in 
their dilated refractions with and with- 
out the circular aperture, the mean 
value of the visual acuity ratio was 
1.77 (+0.74). In the eight eyes (19%) 
with a hyperopic change, the mean 
value of the visual acuity ratio was 
0.92 (+0.31). The 27 eyes (64%) with 
no change in refraction had a mean 
visual acuity ratio of 1.29+0.65. The 
only statistically significant difference 
among these three groups of radial 
keratotomy eyes was between those 
with a myopic change and those with a 
hyperopic change (1.77 vs 0.92, P=.03 
by the Kruskal-Wallis test). 

The mean best corrected visual acu- 
ity was 20/16 in both the control group 
and the radial keratotomy group, pre- 
operatively and postoperatively, indi- 
cating that the radial keratotomy pro- 
cedure did not lower the average best 
spectacle-corrected visual acuity in 
these eyes. In the PERK study, the 
average preoperative and postopera- 
tive best corrected visual acuity was 
also 20/16. In our study there was 
higher variability (SD) in the best 
spectacle-corrected visual acuity in the 
radial keratotomy group. This is simi- 
lar to the findings in the PERK study 
after 1 and 3 years; 30% of the eyes 
had an improvement of one or more 
lines and 18% had a reduction of one or 
more lines best spectacle-corrected vi- 
sual acuity.”’* Our results are summa- 
rized in Tables 2 and 3. 
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Fig 3.—The Snellen visual acuity vs the logarithm of defocus as a function of pupil diameter. 
This plot uses the same values as Figs 1 and 2, but the visual acuity values on the y axis have 


been converted to the logarithm of the visual 


angles, and the values for defocus on the x axis 


have been plotted on a logarithmic scale. This plot is comparable to those of previous investiga- 
tors and emphasizes that the relationship between Snellen visual acuity and defocus for a given 
pupil diameter is not linear, even on a logarithm-logarithm scale, except for pupils less than 0.5 
mm. The curves for 6- and 8-mm pupils have been omitted for clarity since they are so close to 


the curve for the 7-mm pupil. 


Table 2.—Comparison Between Eyes With Radial Keratotomy and 
Control Eyes That Were Not Operated on 


Parameter 
No. of eyes 


Radial 
Keratotomy Group 


42 


Control Group 





41+ 6.2 





Cycloplegic refractive error, diopters * 


—0.15 + 1.09 —0.25 + 1.02 





Best spectacle-corrected visual 
acuity * 


20/16 (1.34 + 0.24) 20/16 (1.22 + 0.17) 





Uncorrected visual acuity ratio * t 


1.30 + 0.67 0.95 + 0.39 





Positive spherical aberration, (myopic 
change in refraction), %+ 

No spherical aberration (no change in 
refraction), %+ 





19 











Negative spherical aberration 
(hyperopic change in refraction), %+¢ 





*Values are average + SD. 


+The visual acuity ratio is the ratio of the actual Snellen visual acuity to the corresponding visual acuity for 
the same pupil size and defocus shown in Table 1. It is similar to the decimal notation of visual acuity; 1.30 would 
be 30% better than the value in Table 1 and 0.95 would be 5% worse. 

+The change in refraction that occurred with cycloplegia through a circular aperture of the same size as the 
patient's predilated natural pupil diameter to the cycloplegic refraction with no aperture. A myopic change is 
considered positive spherical aberration and a hyperopic change is considered negative spherical aberration 


(Fig 5). 


COMMENT 
Historical Reference Grid: Normal 
Relationship of Refractive Error, 
Uncorrected Snellen Visual Acuity, 
and Pupil Diameter 


Figures 1 through 3 plot values from 
the historical reference grid in Table 
1" These three figures illus- 
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trate the complex relationship among 
refractive error (defocus equivalent), 
pupil diameter, and uncorrected visual 
acuity over the physiologic range of 
the human pupil diameter. Figure 1 
demonstrates that, for pupil diameters 
smaller than 0.5 mm, the visual acuity 
is solely determined by the pupil diam- 
eter.” Defocusing up to 5 D has no 





Table 3.—Comparison of Uncorrected 
Visual Acuity Ratio in Eyes With 
Radial Keratotomy by Type of 
Spherical Aberration 


Uncorrected 
Visual Acuity 


Spherical 
Ratio (SD)* 


Aberration 

Positive (myopic 
change in 
refraction) t 

None (no change in 
refraction)t 

Negative (hyperopic 
change in 
refraction) t 0.92 (0.31) 


*The visual acuity ratio is the ratio of the actual 
Snellen visual acuity to the corresponding visual acu- 
ity for the same pupil size and defocus shown in 
Table 1. It is similar to the decimal notation of visual 
acuity; 1.77 would be 77% better than the value in 
Table 1 and 0.92 would be 8% worse. 

tThe change in refraction that occurred with cyclo- 
plegia through a circular aperture of the same size as 
the patient's predilated, natural pupil diameter to the 
cycloplegic refraction with no aperture. A myopic 
change is considered positive spherical aberration 
and a hyperopic change is considered negative 
spherical aberration (Fig 5). 





1.77 (0.74) 


1.29 (0.65) 


measurable effect on the visual acuity. 
This is true because diffraction is the 
primary factor limiting the visual acu- 
ity for pupil diameters less than 
0.5 mm (pinhole effect). 

Between pupil diameters of 0.5 and 
3.0 mm, the visual acuity is a complex 
interplay among diffraction, defocus, 
and optical aberrations.” Between 
pupil diameters of 3.0 and 5.4 mm, 
diffraction is no longer a factor. Defo- 
cus and optical aberrations are joined 
by an additional factor, the Stiles- 
Crawford effect.” The Stiles-Craw- 
ford effect is a progressive reduction in 
the effectiveness of light rays as they 
pass farther from the center of the 
pupil due to the directional sensitivity 
of the retina. Increasing the pupil di- 
ameter above 5.4 mm has little effect 
on the visual acuity due to the Stiles- 
Crawford effect.” The actual rela- 
tionship of visual acuity, defocus, and 
pupil diameter is nonlinear even on a 
logarithm-logarithm scale (Fig 3), ex- 
cept over a very short range or for 
pupil diameters less than 0.5 mm. 


Uncorrected Visual Acuity 


With the pupil undilated, the mean 
uncorrected visual acuity in the eyes 
with radial keratotomy was 35% (1.4 
lines) better than in the control eyes 
for the same refractive error and pupil 
diameter (P<.001). These results con- 
firm our previous findings.’ 

The better uncorrected visual acuity 
and the increase in the incidence of 
refractive change with a larger pupil 
indicate that the optical configuration 
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Fig 4.—Theoretical comparison of Snellen visual acuity vs refractive error (diopters [D] of 
defocus) for a 3-mm pupil in normal eyes and those with radial keratotomy. Each value for the 
radial keratotomy curve is theoretically 0.30 (30% or 1.2 lines) better than the historical 
reference grid values in Table 1, as found in our study. The curve for the control eyes is 0.05 (5% 
or 0.2 lines) lower than the historical reference grid. The best spectacle-corrected visual acuity 
(20/16) was the same for both groups. The variability (SD) was 1.77 times higher in the radial 
keratotomy group (0.67) than in the control group (0.39), as shown by the SD symbols. 


of the cornea following radial kera- 
totomy has been changed so that the 
best corrected visual acuity is no dif- 
ferent but the uncorrected visual acu- 
ity is better. This relationship is illus- 
trated in Fig 4 for a 3-mm pupil. This 
change in the optical configuration of 
the cornea creates a multifocal effect, 
as we postulated previously,’ similar to 
that of the aspheric multifocal intrao- 
cular lenses presently under investiga- 
tion by the Food and Drug Administra- 
tion.” 

With multifocal intraocular lenses, 
the twofold to threefold increase in the 
depth of field is accompanied by a best 
corrected visual acuity that is approxi- 
mately one line lower than with mono- 
focal lenses when the lens (ie, not the 
cornea or retina) is the limiting factor 
in the visual acuity. This one-line de- 
crease in best corrected visual acuity is 
due to the 50% reduced contrast of the 
retinal image.” Previous studies have 
demonstrated the same relationship 
between decreased contrast and Snel- 
len visual acuity.” In addition, there is 
a 0.20- to 0.30-log decrease in contrast 
sensitivity.” 

Similarly, in our study, small 
changes in the configuration of the 
optical zone of the cornea produced by 
radial keratotomy increased the depth 
of field by 0.35 (35%), or six to 10 times 
less than that induced with multifocal 
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intraocular lenses. Compared with the 
multifocal intraocular lens, the change 
in best corrected visual acuity induced 
by radial keratotomy would be expect- 
ed to be negligible, as we found in our 
study. The decrease in contrast sensi- 
tivity following radial keratotomy also 
should be less than with multifocal 
intraocular lenses.” 

In our study, the only correlation 
with better uncorrected visual acuity 
following radial keratotomy was in 
those eyes with a myopic change in the 
dilated refractions with and without 
the circular aperture. No other param- 
eters (optical zone, residual refractive 
error, pupil size, or age) in the radial 
keratotomy eyes were correlated 
with better uncorrected visual acuity 
(P<.05). There was no correlation be- 
tween the presence of positive or nega- 
tive spherical aberration with the un- 
corrected visual acuity in the control 
group. We did not measure contrast 
sensitivity in this study. 


Characterizing the Aspherical 
Optical Zone of the Cornea 


The change in the dilated refraction 
with and without the circular aperture 
provides conclusive information as to 
the optical nature of the multifocal 
effect. In the control group, only 9% of 
the eyes had a change in their refrac- 
tion with and without the aperture, 


and 7% were in a myopic direction. 
These results are consistent with pre- 
vious measurements of the spherical 
aberration of the human eye.”* In 
these previous studies, approximately 
10% of the population had a myopic 
change at night, when the pupil dilated 
because the focus of the marginal rays 
of the eye was anterior to the focus of 
the paraxial rays. This phenomenon is 
known as positive spherical aberration 
(Fig 5). Ninety percent of humans 
have less than 0.50 D of refractive 
change with normal physiologic pupil 
dilation,” and a change in the hyper- 
opic direction with dilation is extreme- 
ly rare. These previous findings are 
comparable with those in our control 
group. 

Change in refraction with the pupil 
dilated occurred in 9% of the controls 
and 36% of the radial keratotomy pa- 
tients, indicating a significant differ- 
ence (P=.002). The control group was 
similar to control groups in previously 
published studies of normal eyes.‘ 
These findings indicate that radial ker- 
atotomy increased the incidence of 
clinically significant (0.50 D) spher- 
ical aberration. Other investigators 
have reported cases with similar find- 
ings.” In our study, the change in 
refraction was almost equally split be- 
tween the myopic (19%) and the hyper- 
opic (17%) directions. The normal 
aspherical shape of the cornea has been 
clinically altered in these eyes (36%). 
Our study indicates that eyes with a 
myopic change (positive spherical ab- 
erration) had the best uncorrected vi- 
sual acuity compared with control eyes 
and other radial keratotomy eyes. Bet- 
ter uncorrected vision with positive 
spherical aberration may be important 
in aspheric multifocal intraocular and 
contact lens design as well as anterior 
laser keratomileusis for determining 
the optimal shape of these aspheric 
surfaces. 

Figure 5 demonstrates that the 
change in refraction with pupil dila- 
tion represents only a fraction of the 
total spherical aberration (difference in 
marginal and paraxial rays). The 
change in refraction with pupil dilation 
is from the focus of the paraxial rays to 
the circle of least confusion, not the 
focus of the marginal rays. Additional- 
ly, peripheral rays are not as effective 
as central rays in the human eye due to 
the Stiles-Crawford effect.” These 
studies show that corneal shape and 
power changes peripheral to 5.4 mm 
have very little effect on central vision. 

Our method of measurement is 
what the patient experiences and the 
amount the clinician would correct 
with refraction (night myopia). Actual 


Radial Keratotomy—Holladay et al 


Focus of 
Marginal 
Rays 


Circle of 
Least 
Confusion 


Longitudinal 
Spherical 
Aberration 


Lateral 
Spherical 
Aberration 


Focus of 
Paraxial 
Rays 





Fig 5.—Positive spherical aberration. In an optical system, if the marginal (peripheral) rays 
come into focus anterior to the paraxial (central) rays, the system exhibits positive spherical 
aberration. The clearest image is formed at the circle of least confusion, which is between the 
focus of the paraxial and marginal rays but is usually closer to the focus of the marginal rays. The 
change in refraction that occurs with pupil dilation is measured from the paraxial focus to the 
circle of least confusion, which is less than the total longitudinal spherical aberration. Negative 
spherical aberration also can occur if the marginal rays focus posterior to the paraxial rays; a 
hyperopic change in refraction would occur with pupil dilation in this condition. 


spherical aberration measurements us- 
ing an annular aperture or aberro- 
scope’ and peripheral keratometry 
measurements” confirm our results, 
but, as expected, the aberrations are 
of greater magnitude. Previous studies 
in normal patients comparing the 
change in refraction with dilation with 
the measured spherical aberration 
show that the measured spherical ab- 
erration may be two to six times great- 
er than the change in refraction due to 
the location of the circle of least confu- 
sion and the Stiles-Crawford effect 
(Fig 5). 


Mechanism of Radial Keratotomy 


Our findings contradict the tradi- 
tional description of the corneal config- 
uration following radial keratotomy, 
according to which the paracentral cor- 
nea flattens less than the central cor- 
nea, allegedly forming a relatively 
steeper “paracentral knee.”® If this 
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change occurred in the effective optical 
zone of the cornea (<5.4 mm), most 
patients who undergo radial kerato- 
tomy would have a myopic change with 
pupil dilation. If the knee formed at a 
diameter of 6 mm or greater, as one 
study has shown,” the knee would 
have a minimal effect on the refraction. 

In fact, only eight radial keratotomy 
eyes (19%) had a myopic change with 
dilation. In eyes with a myopic change, 
an optical “paracentral knee” occurs 
within the effective optical zone of the 
cornea (<5.4 mm). All seven eyes 
(17%) that changed in the hyperopic 
direction with dilation would be consid- 
ered to have changed as a result of 
radial keratotomy, since hyperopic 
changes rarely occur in the normal 
population. These eyes would be con- 
sidered to have “paracentral flatten- 
ing,” with the knee outside the effec- 
tive optical zone of the cornea. 

In our study, 64% of the radial kera- 
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Clinically Detectable Nerve Fiber Atrophy 
Precedes the Onset of Glaucomatous Field Loss 
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e Standardized perimetry and nerve fi- 
ber layer and color fundus photography 
were performed annually on 1344 eyes 
with elevated intraocular pressures. In 83 
eyes, glaucomatous field defects devel- 
oped that met rigid criteria on manual 
kinetic and suprathreshold static perim- 
etry. Individual nerve fiber layer photo- 
graphs were read by two masked observ- 
ers. The more sensitive of the two 
identified nerve fiber layer defects in 88% 
of readable photographs at the time field 
loss first occurred; 60% (6/10) of eyes 
already had nerve fiber layer defects 
6 years before field loss. In contrast, the 
nerve fiber layer was considered abnor- 
mal in only 11% (3/27) of normal eyes and 
26% (84/327) of hypertensive eyes. The 
location of nerve fiber layer and field 
defects closely corresponded, but nerve 
fiber layer loss was generally more wide- 
spread. Examiner experience and sever- 
ity of optic nerve damage influenced re- 
sults. Mild focal defects were more 
readily recognized than more severe dif- 
fuse atrophy. Nerve fiber layer defects 
expanded with time, often by the devel- 
opment and coalescence of adjacent ar- 
eas of damage. 

(Arch Ophthalmol. 1991;109:77-83) 


Thre definition and diagnosis of pri- 
mary open angle glaucoma remain 
problematic. Intraocular pressure 
(IOP) is an important risk factor for 
glaucoma but not definitive evidence of 
the disease. At present, diagnosis 
generally requires evidence of typical 
glaucomatous optic nerve atrophy in 
the absence of other potential causes. 
Methods for reliably establishing 
glaucomatous nerve atrophy are lim- 
ited. These include functional distur- 
bance, traditionally identified by typi- 
cal field abnormalities (eg, localized or 
asymmetric depressions in retinal sen- 
sitivity corresponding to the arcuate 
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distribution of nerve fiber bundles), 
and/or anatomical evidence suggestive 
of optic nerve fiber loss (eg, large or 
vertically elongated cups, notching of 
the disc rim, or asymmetric cupping 
between the two eyes). These ap- 
proaches have their shortcomings, not 
the least of which is a delay until 
sufficient damage for definitive diagno- 
sis has occurred. For example, field 
defects can be preceded by significant 
loss of retinal ganglion cells.* Most 
anatomical measures are nonspecific, 
overlapping to a considerable degree 
with findings in the normal population. 

In 1972, Hoyt and coworkers” sug- 
gested that slitlike defects in the ap- 
pearance of the nerve fiber layer 
(NFL) may represent early, clinically 
detectable manifestations of glaucoma- 
tous damage. In 1977, we confirmed, in 
masked readings, that NFL defects 
are more frequent among patients with 
established field loss.’ Subsequent re- 
ports confirmed the correlation be- 
tween NFL abnormalities and psycho- 
physical disturbances, including field 
loss.*" 

Importantly, in a small number of 
subjects photographed (suboptimally) 
for different purposes, we identified 
NFL defects years before the develop- 
ment of reproducible field abnormali- 
ties on routine kinetic and supra- 
threshold static perimetry.’ This 
suggested that NFL assessment might 
identify patients with progressive 
glaucomatous neuropathy before the 
loss of fibers required for the develop- 
ment of reproducible field defects. 

In 1981, we initiated a prospective, 
longitudinal study of normal individ- 
uals, subjects with ocular hypertension 
(OH), and patients with glaucoma to 
define the role of NFL assessment in 
the diagnosis of glaucoma. An earlier 
report from this study” established 
that NFL assessment identifies eyes 
with established glaucomatous field 
loss with relatively high sensitivity 
and specificity. With further recruit- 
ment and follow-up, we now report the 
temporal relationship between the de- 
velopment of visual field defects and 
the prior appearance of the NFL. 
These data confirm the value of NFL 
assessment as an early indicator of 
glaucomatous optic neuropathy. 


SUBJECTS AND METHODS 


After a comprehensive baseline evalua- 
tion, subjects were reexamined annually 
following a strict protocol.” 


Recruitment 


Ocular hypertension was defined as IOP 
above 21 mm Hg on at least two visits 
before treatment and normal visual field 
test results as described below. These sub- 
jects were recruited from the Wilmer Insti- 
tute, the Johns Hopkins Medical Institu- 
tions, Baltimore, Md; the practices of 
collaborating ophthalmologists; among sub- 
jects originally enrolled in the Collaborative 
Glaucoma Study”; and among patients iden- 
tified in the course of the Baltimore Eye 
Survey.” Ophthalmologists responsible for 
their routine care remained free to treat 
each patient as they thought was most 
appropriate. Normal controls were recruit- 
ed from the same sources, from patients, 
visitors, and staff of The Johns Hopkins 
Hospital, and from church groups and se- 
nior citizen's associations. All controls were 
free of a personal or family history of 
glaucoma, elevated IOP, or the use of IOP- 
lowering medication and they all had an 
IOP below 22 mm Hg and entirely normal 
visual fields on at least two visits. 

At baseline, all subjects provided in- 
formed consent and a detailed history and 
were examined by one of the several inves- 
tigators with subspecialty training in glau- 
coma. Ocular status was confirmed from the 
baseline examination and from records pro- 
vided by past and current ophthalmologists 
and copies of all available visual fields. 


Visual Field Tests 


The central 30° of the visual field was 
tested with best distance correction and the 
appropriate plus sphere for age. From 1981 
through 1986, the central and peripheral 
visual field was evaluated by detailed peri- 
metric techniques following a strict protocol 
employing detailed threshold-related, su- 
prathreshold kinetic, and static stimuli on a 
Goldmann perimeter examination.” The av- 
erage examination required 20 to 30 min- 
utes per eye and included at least four 
isopters encircling 360° of the field, two 
additional isopters limited to the nasal pe- 
riphery, and literally hundreds of static 
presentations. 

Beginning in 1986, routine follow-up ex- 
aminations were performed on the Hum- 
phrey Field Analyzer (Allergan-Humphrey 
Instruments, San Leandro, Calif) using the 
C-30-2 program. All data were transferred 
to a central file and analyzed by our cross- 
meridional, mirror-image technique using 
specially created software.“ All subjects 
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Fig 1.—Results in a 48-year-old white woman with normal visual field examination by Goldmann perimetry and Humphrey 
C-30-2 in both eyes until 1988, when a small paracentral scotoma connecting to the blind spot developed in the right eye. 
Top left, Nerve fiber layer (NFL) photograph from 1984 of the right eye. The appearance is entirely normal, with bright 
Striations, which cross the first- and second-order vessels, blurring the wall edges. The maculopapular bundle is dark 
relative to the arcuate zones above and below. Bottom left, Corresponding Goldmann field from the same visit. Top center, 
Photograph of the same eye from 1985 reveals a subtly dark, wedge-shaped area within the inferior arcuate zone, with 
brighter NFL striations on either side (arrows). Bottom center, Corresponding Humphrey threshold field from the same visit. 
Top right, Same eye photographed in 1987. The inferior defect has become darker and wider. The maculopapular bundle is 
now brighter and more obviously striated in comparison. Vessels within the area of NFL atrophy stand out in sharp relief 
(arrows). A swath of the superior arcuate zone has also become atrophic. Bottom right, Corresponding Humphrey threshold 


field from the same visit. 


meeting any of our criteria for field loss” or 
with suspicious clusters of depressions iden- 
tified by STATPAC (Allergan-Humphrey 
Instruments, San Leandro)" were re- 
called and reexamined on the Goldmann 
perimeter, which remained the final basis 
for interpretation of field status. Subjects 
unreliable to threshold testing’ were rou- 
tinely examined on the Goldmann 
instrument. 

A definite, typical glaucomatous field ab- 
normality included one or more of the fol- 
lowing defects on the Goldmann perimeter, 
confirmed on at least two occasions (when 
the Goldmann defect was congruent with a 
defect first detected by threshold peri- 
metry, a second, confirming Goldmann field 
study was not required): (1) a paracentral 
or arcuate scotoma (including arcuate elon- 
gation but not generalized enlargement of 
the blind spot) at least 0.4 log units in 
depth; (2) nasal step of at least 10° in width 
present to at least two isopters; and central 
and/or temporal islands. As this report 
deals only with subjects until such time as 
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they first developed a field defect at their 
annual examination, all the defects met the 
mildest of our criteria. 

Photographs of the posterior pole were 
taken through a dilated pupil with a Zeiss 
fundus camera. Stereoscopic color photo- 
graphs of the disc and peripapillary nerve 
fiber layer (focused at the level of the 
superficial vessels) were recorded on Koda- 
chrome 25 film. A series of five monoscopie, 
red-free black and white photographs were 
taken of each eye: one centered on the dise 
and two of each arcuate zone. These were 
initially recorded on Kodak Plus X film 
using a narrow band-pass filter. In 1983, 
this approach was replaced by our improved 
high-resolution technique employing a 
short-pass filter and Kodak 2415 Technical 
Pan film.” Red-free negatives were printed 
on positive transparency Dupont COS-7 
film and the optic nerve head blocked out 
with opaque metallic ink. Both red-free and 
color transparencies were coded and inde- 
pendently evaluated by the same two ob- 
servers as in our previous report.” Red- 


free and color transparencies were 
circulated (and evaluated) independent of 
one another. In evaluating the photo- 
graphs, each observer was masked as to 
patient and diagnosis, all previous and sub- 
sequent photographs, and the visual fields. 

Nerve fiber layer assessment followed a 
rigorous pattern meant to elicit all available 
information rather than allow pattern rec- 
ognition of particularly striking abnormali- 
ties (such as a focal wedge defect adjacent 
to normal, bright retina) to obscure more 
subtle and often more severe damage of a 
diffuse nature. The readers focused their 
attention on both the brightness and densi- 
ty of striations (axonal bundles) and the 
clarity with which vessels could be visual- 
ized. Normally, major retinal vessels lie 
within the NFL. Thinning of the NFL 
results in a reduction in overlying striations 
and greater visibility of the vessel walls 
(Fig 1). Most information was obtained 
from within 2 disc diameters of the optic 
nerve. Comparisons were made between 
the superior and inferior hemispheres and 
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Fig 2.—Results in a 35-year-old white wom- 
an with diffuse inferior nerve fiber layer (NFL) 
loss in the right eye (top) involving the macu- 
lopapular bundle (1984). Normal left eye (top 
center) is shown for comparison. Bottom cen- 
ter, Goldmann field of right eye from 1983 is 
shown. Bottom, Humphrey threshold field 
from 1987 is shown. 
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Fig 3.—A 51-year-old white woman was first 
seen in 1984 with elevated intraocular pres- 
sure in both eyes. An isolated inferior para- 
central scotoma and small nasal step were 
already present in the right eye. Within 2 
years, there was generalized threshold de- 
pression throughout most of the inferior hemi- 
sphere. This nerve fiber layer (NFL) photo- 
graph of the right eye in 1985 reveals an 
obvious inferior wedge adjacent to far more 
normal NFL near the 6 o'clock position. Less 
obvious is the diffuse NFL loss over a wide 
area of the superior hemisphere (arrows). 
The pattern from top to bottom (temporally) is 
dark-light-dark-(light again), a reversal of nor- 
mal. Note how circumferentially oriented ves- 
sels at the 7 to 8 o'clock position “disappear” 
as they move from the area of atrophy into 
thicker NFL, whose striations overlie, thereby 
masking the vessel walls. 


the corresponding hemispheres of the two 
eyes. The temporal retina was scanned for 
alterations in its usual appearance. In the 
normal eye, the brightest reflexes of the 
NFL come from the upper and lower disc 
polar areas, where the NFL is thickest. 
The temporal retina (particularly the macu- 
lopapular bundle) has thinner NFL and is 
therefore darker. Thus, the normal tempo- 
ral pattern from above to below is bright 
reflexes superiorly, dark toward the fovea, 
and bright again inferiorly. The bright- 
dark-bright transition is relatively smooth 
in eyes without atrophy (Figs 1 and 2)."~ 
Alterations in this pattern, particularly dif- 
fuse atrophy, were often detected as one or 
both of the arcuate zones being as dark as 
or darker than the adjacent maculopapular 
bundle (Figs 1, 3, and 4). Slit defects, which 
are commonly narrower than the diameter 
of adjacent retinal venules and fail to fan 
out from disc to periphery, are of no diag- 
nostic significance since they are frequently 
encountered in normal eyes.” 

To maintain masking in relation to previ- 
ous and future photographs, the two read- 
ers never received more than one annual 
set of red-free photographs of a subject at a 
time. To maintain masking as to clinical 
diagnosis as well as to provide a basis for 
identifying potential “drift” in the readings 
or in the photographic technique, photo- 
graphs of normal control eyes and of eyes 
with OH in which abnormal visual fields had 
not yet developed, matched for the follow- 
up visit, were evaluated at the same time. 

As the study is still ongoing, the two 
observers have not yet reviewed all (or the 


same) photographs available at each of the 
annual visits, and patients have occasionally 
missed one or more visits. Thus, the num- 
bers of photographs read by the two ob- 
servers are rarely identical, and the num- 
ber of subjects on whom there are data 
varies from interval to interval. To maxi- 
mize the utility of the available data, we 
employ a life-table approach: where photo- 
graphs are available at a particular interval 
in relation to the onset of field loss, the 
subject is included; where they are not, the 
subject is excluded. 


RESULTS 


A total of 1344 eyes with OH under- 
went baseline evaluation and at least 
1 year of follow-up. Because of the 
serial nature of enrollment, the num- 
ber present at subsequent visits de- 
clines with the duration of follow-up 
(Table 1). One thousand twelve eyes 
with OH remain under active investi- 
gation. Only 91 eyes (6.8%) belonged 
to patients who refused further follow- 
up. 


Eyes With Visual Field Conversion 


Of the subjects in whom field defects 
developed and who are the basis of this 
report, 63% were black and 69% were 
60 years or older. Visual acuity was 
20/40 (6/12) or better in 92%. 

Reader A examined red-free photo- 
graphs from 213 visits. Twenty (9.4%) 
of the photographs were considered 
too poor to interpret. Reader B consid- 
ered a similar proportion unreadable 
(15/214 [7.0%]). The oldest red-free 
photographs, taken an average of 6 
years before field conversion, were 
most likely to be uninterpretable (Ta- 
ble 2). These had been obtained before 
the introduction of our high-resolution 
photographie technique.” 

As in our previous study," uninter- 
pretable photographs were more likely 
to have been from older subjects (Ta- 
ble 3). At the time of field conversion, 
none of the eyes of subjects younger 
than 60 years evaluated by either read- 
er were considered too poor to analyze 
(none of 19 eyes, reader A; none of 18 
eyes, reader B); in contrast, reader A 
was unable to evaluate six of 46 eyes, 
and reader B, five of 46 eyes from 
subjects over 60 years old. 

Reader B was twice as likely as 
reader A to call NFL photographs 
abnormal from eyes that suffered field 
loss (Table 2). Reader B considered the 
NFL abnormal in a majority of eyes at 
every visit (except one) before the 
development of a field defect. Nearly 
90% of eyes had an abnormal NFL at 
the time of field conversion, the rate 
declining gradually (and somewhat er- 
ratically) as the interval to field loss 
lengthened. While the positivity rate 
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Fig 4.—A 38-year-old white man was first 
seen in 1982 with elevated intraocular pres- 
sure in both eyes. A superior nasal step first 
developed in the right eye in 1985, which 
became denser and larger in 1987. By 1989, 
this formed a sharply demarcated arcuate 
scotoma superiorly. (This case was previous- 
ly reported for other purposes.*’) Top left, 
Nerve fiber layer (NFL) photograph taken in 
1983 shows a disc hemorrhage at the 8 
o'clock position in an area where the NFL 
otherwise appears normal. Note the preexist- 
ing, mild loss of NFL at the 7 o’clock position 
(arrows). Center left, The corresponding 
Goldmann field is relatively normal. The NFL 
photographs from 1985 through 1989 were 
identical. Top right, The defect in the inferior 
NFL has deepened and expanded superiorly 
(toward the area of the disc hemorrhage in 
1983) and inferiorly (toward the 6 o'clock po- 
sition meridian) (arrows). The maculopapular 
bundle is clearly spared. Center and bottom 
right, Goldmann (1985) and Humphrey 
threshold (1987) fields reflect the damage. 




















Table 1.—Number of Ocular 
Hypertensive Eyes at Each 
Follow-up Examination 


No. of 
Follow-up 


Examinations No. of Eyes 


1176* 
935 
699 
530t 
672 
449 


* One hundred forty eyes missed their first follow- 
up but were seen at least once at a later follow-up. 

+Represents temporary interruption of study from 
hiatus in funding. 
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of reader A was lower, it too was 
reasonably steady over time, with 
roughly one third to one half of the 
readings being abnormal. 

Readings by the two observers 
agreed on the NFL status more often 
than not (Table 4). At conversion, they 
disagreed about NFL status in 22 
eyes, all of which reader B read as 
abnormal. Those eyes that they agreed 
were abnormal had the most severe 
field defects; those that they agreed 
were normal had the mildest field de- 
fects; and those about which they dis- 
agreed had defects between these two 
extremes (Table 5). Eyes that they 
both considered normal had smaller 
cups and wider rims than those consid- 
ered abnormal by one or both observ- 
ers. Neither race nor iris color, factors 
commonly associated with fundus pig- 
mentation and therefore the potential 
visibility of the NFL, consistently in- 
fluenced the likelihood that an eye was 
considered abnormal (data not given). 

Nerve fiber layer abnormalities 
were seemingly more extensive than 
the corresponding field loss. At con- 
version, visual field loss (by kinetic and 
suprathreshold static perimetry) in- 
volved both hemifields in only 14.8% 
(reader A) and 13.2% (reader B) of all 
eyes in which NFL defects were re- 
corded. In contrast, NFL abnormali- 
ties were noted in both hemispheres of 
81.5% (reader A) and 84.9% (reader B) 
of these same eyes (Table 6). The 
proportion of eyes in which NFL ab- 
normalities involved both hemispheres 
was greater for the three visits ending 
with conversion than for the four pre- 
ceding visits. 

In eyes with apparently localized 
NFL defects, there was a close corre- 
spondence between the location of the 
visual field and the NFL abnormali- 
ties. At conversion, field loss and NFL 
defects were both limited to one hemi- 
sphere in seven eyes read by reader B, 
and in every instance the hemispheres 
were in perfect correspondence. Over- 
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Table 2.—NFL Assessment in Eyes in Which Field Defects Subsequently Developed * 



























































Unreadable Abnormal 
No. of Years a — 
Before Onset of Reader A, Reader B, Reader A, Reader B, 
Field Defect No. (%) No. (%) No. (%) No. (%) 
6 3/14 (21.4) 3/13 (23.1) 5/11 (45.5) 6/ 10 (60.0) 
2/16 (12.5) 1/21 (4.8) 2/14 (14.3) 15/20 (75.0) 
4 0/21 (0.0) 1/20 (5.0) 7/21 (33.3) 9/19 (47.3) 
3 0/ 18 (0.0) 0/19 (0.0) 10/ 18 (55.6) 16/19 (84.2) 
2 3/21 (14.3) 2/21 (9.5) 8/ 18 (44.4) 15/19 (78.9) 
1 6/58 (10.3) 3/57 (5.3) 19/52 (36.5) 33/54 (61.1) 
6/65 (9.2) 5/63 (7.9) 27/59 (45.8) 51/58 (87.9) 












“NEL indicates nerve fiber layer. Year O was year in which visual field defect first appeared. 
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Table 3.—Mean Age NFL 
Assessment at Time of Field Loss* 


Mean (+SD) 

Assessment Age, y 
Reader A 

Normal 

Abnormal 

Cannot evaluate 
Reader B 

Normal 

Abnormal 

Cannot evaluate 





*NFL indicates nerve fiber layer. 


all, in 34 examinations by reader B, 
field loss and NFL defects were limit- 
ed to a single hemisphere; in 33 (97%) 
these were in perfect correspondence. 
Results for reader A, who found fewer 
NFL abnormalities, were less well cor- 
related: overall, there was 69% corre- 
spondence (11/16). 

Once an eye was judged to have an 
abnormal nerve fiber layer it was like- 
ly to be judged abnormal at all subse- 
quent visits (Table 7). 


Eyes Without Visual Field Conversion 


The rates at which the two readers 
reported NFL abnormalities for nor- 
mal control eyes and control eyes with 
OH were similar to those at the base- 
line examination, published 6 years 
ago.° Both rates, of both readers, were 
substantially below the rates for eyes 
that subsequently suffered glaucoma- 
tous field loss (Table 8). 


COMMENT 


Hoyt and Newman’ suggested that 
slit and wedge-shaped defects might 
be the earliest clinical signs of glauco- 
matous optic nerve atrophy. We subse- 
quently demonstrated that the vast 
majority of subjects with glaucoma- 
tous field defects already had demon- 
strable NFL abnormalities,"" and that 
in a small sample followed up longitudi- 
nally, such abnormalities developed in 
a majority at least 3 to 5 years before 
the onset of field loss.’ Aside from our 
subsequent preliminary report from 
the present study,” few reliable pro- 
spective data have appeared except for 
the small group of subjects with disc 
hemorrhages described by Airaksinen 
et al.” 

The present study confirms our orig- 
inal conclusions of over a decade ago’: 
NFL assessment can help identify pa- 
tients who have already suffered optic 
nerve damage and in whom it will 
progress to definitive visual field loss. 
The present, prospective study em- 
ployed improved photographic tech- 
niques, defined criteria for NFL dam- 
age, rigid masking of observers, and 
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Table 4.—Agreement Between Readers on NFL Status* 


Reader A/Reader B 















































No. of Years a 
Before Onset of % 
Field Defect abn/abn ni/ni abn/nl Total Agreement 
6 3 3 fe) 6 100.0 
5 2 3 8 13 38.5 
4 3 9 3 15 80.0 
3 9 2 6 17 64.7 
2 T 4 6 17 64.7 
1 18 20 11 49 77.6 
o 26 7 22 55 60.0 








Total examinations 


* Excludes photographs examined by only one reader to date or that one or both readers considered too poor 
to interpret. NFL indicates nerve fiber layer; abn, abnormal; and nl, normal. 


Table 5.— Agreement Between Readers and Severity of Optic Nerve Damage* 


Reader A/Reader B 
Eee 
abn/abn nl/abn ni/nl 
(n= 26) (n=22) (n=7) 






At Field 
Conversion 
More severe 
field loss, 
No. (%) 
Field defect 
in more than 
1 hemisphere, 
No. (%) 
Horizontal 
cup/disc, 
mean + 2 SE 
Narrowest 
rim width, 
mean + 2 SE 





19 (73.1) 14 (63.6) 4 (57.1) 





4 (15.4) 





Reader A 0.62 + 0.12 
Reader B 0.60 + 0.08 





Reader A 0.15 + 0.06 
Reader B 0.16 + 0.05 


* Severe indicates more than a single defect (isolated paracentral scotoma or isolated nasal step), eg, full 
arcuate scotoma or worse; abn, abnormal; and nl, normal. 


Table 6.—Correspondence Between NFL and Visual Field Abnormalities * : 



































































No. of Hemispheres With NFL Abnormalities 
Years Henifields|§_—_—-———@—@—— SS 
Before With Reader A Reader B 
Onset of Goldmann r a aMaMMllllllllulÅÂÅiiŘiioooooooooMM 
Field Defect Defects Sup Inf Both Total Sup Inf Both Total 
3-6 Sup MOF aT 10 6 445 19 
Inf 1 0.8 6 8 O 8 16 
Both 1 O 5 6 (27.3%) 1 E.) 11 (23.9%) 
Total 3 2 17 (77.2%) 22 9 6 31 (67.4%) 46 
2-0 Sup 1 5 26 32 1 10 45 56 
(includes Inf 1 i Q 12 5r 025 30 
conversion) Bot a ieJ8 10 (18.5%) O 1 14 15 (14.9%) 
Total 2 7 45 (83.3%) 54 6 11 84(83.2%) 101 
At conversion Sup 1 2. 12 15 (0) 4 26 30 
(0) 1 € 8 3 O 13 16 
o 1 3 4 (14.8%) O 126 7 (13.2%) 
1 4 22 (81.5%) 27 3 5 45 (84.9%) 53 





* In all instances, visual field defects are, by definition, those at the time of field conversion. NFL indicates 
nerve fiber layer; Sup, superior; and Inf, inferior. 


far more subjects, who were reexam- 
ined annually following a strictly moni- 
tored protocol. 

Nerve fiber layer abnormalities 
were infrequent among normal con- 
trols and somewhat more frequent 


among eyes with OH that had not yet 
shown definite field loss. These results 
are almost identical to those reported 
from the baseline assessment,” con- 
firming our previous results and dem- 
onstrating little drift in either the pho- 
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Table 7.—Consistency of Subsequent 
NFL Interpretations Following an 
Individual’s Earliest Abnormal 
Reading* 


Interpretation of 
Subsequent Reader Reader 
NFL Photographs A B 


Normal 16 12 
Abnormal 31 (66%) 82 (87%) 
Total 47 94 


*NFL indicates nerve fiber layer. Results are of 
NFL readings at visits following the first at which the 
subject’s NFL was considered abnormal. Table ex- 
cludes unreadable photographs. The proportion sub- 
sequently read as abnormal was greater than ex- 
pected by chance (reader A, P< .06; reader B, 
P < .001). 








tographic technique or the criteria by 
which the two readers judged the pres- 
ence of NFL abnormalities. 

The prevalence of defects among 
eyes with OH is presumably greater 
than among normal controls because 
some eyes with OH have already suf- 
fered glaucomatous optic nerve dam- 
age sufficient to alter NFL appearance 
but insufficient to produce field loss 
meeting our rigid criteria. Indeed, this 
is exactly the explanation postulated in 
our baseline report,” before the eyes 
that were then in the group with OH 
(many of which already had NFL de- 
fects) subsequently suffered the field 
loss that is the basis of the present 
analysis. 

Like other anatomical measures of 
optic nerve status, NFL assessment 
has its limitations. Decreasing visibili- 
ty of the NFL with age, media opaci- 
ties, and other factors" can reduce the 
likelihood of obtaining interpretable 
photographs. However, less than 10% 
of photographs in this series, regard- 
less of observer, were too poor to read. 
The sole exception was the oldest pho- 
tographs, obtained with the original 
technique: almost a fourth were unin- 
terpretable. Substitution of our high- 
resolution technique” appears to have 
substantially improved visualization of 
the NFL. 

Interest and experience clearly im- 
proved performance. Five years ago, 
reader A detected NFL defects in over 
80% of eyes with glaucomatous field 
loss of unknown duration. This was 
only slightly lower than the 90% rate 
of reader B. In the present series, 
reader A continued to identify NFL 
defects more frequently in eyes des- 
tined to suffer field loss than in normal 
control eyes or eyes with OH that had 
not shown field loss, but at only half 
the rate of reader B. No doubt part of 
the difference between the original re- 
sults and these reflects the subtler 
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Table 8.—NFL Assessment in Eyes 
That Have Not Shown Field Defects * 


Reader A, Reader B, 





















No. (%) No. (%) 
Normal 
controls 1/27 (3.7) 3/27 (11.1) 
Ocular 
hypertensive 
eyes 57/214 (26.6) 84/327 (25.7) 






27/59 (45.8) 51/58 (87.9) 


* NFL indicates nerve fiber layer. Field loss is prev- 
alence of NFL defects at the time of field loss repeated 
from Table 3 for ease of comparison. Difference in 
rates for ocular hypertensive vs control eyes, P < .05 
(reader A), P < .001 (reader B). 


Field loss 





nature of NFL loss in the present 
series, where patients had not yet 
shown or had only just begun to show 
field loss meeting study criteria. In the 
few instances where both readers 
agreed the NFL was normal at the 
onset of field loss, the field defect was 
less severe than when one or both 
readers considered the NFL ab- 
normal. 

Reader A utilized the original crite- 
ria and evaluation techniques designed 
in 1981. Reader B, who utilizes NFL 
assessment daily in the management of 
glaucoma and was free to adapt his 
technique with experience, was clearly 
more sensitive to subtler change (but 
also slightly less specific). At the visit 
at which field loss was first document- 
ed, NFL abnormalities were already 
apparent in almost 90% of eyes, and 
NFL defects were far more likely to 
involve both the superior and inferior 
hemispheres than were their corre- 
sponding field defects (85% vs 13%). 
Part of this difference may be artifact. 
Our criteria for early field loss exclude 
mild contraction of the field (a less 
specific sign of glaucomatous neuropa- 
thy than asymmetric variations in light 
sensitivity, manifested in nasal steps, 
paracentral scotomas, and the like). 
Hence, some instances of early bihe- 
mispheric but symmetric field loss may 
have been overlooked. It is unlikely, 
however, that this would account for 
the large difference in the extent of 
NFL and visual field disturbance ob- 
served. Indeed, cross-meridional “mir- 
ror image” comparisons of threshold 
fields, based on similar asymmetry be- 
tween the superior and inferior hemi- 
spheres, identifies 90% of cases with 
glaucomatous field loss.°° Further- 
more, NFL defects became more wide- 
spread as field loss was approached, 
additional evidence that NFL assess- 
ment documented progressive axonal 
loss. 

When the NFL abnormality was 
limited to a single hemisphere, it al- 
most invariably corresponded to the 





Fig 5.—A 72-year-old black woman had ad- 
vanced field loss. The nerve fiber layer is 
extremely thin. At this stage we see vessels in 
sharp relief, irregular granularity, and widely 
spaced striations. 


location of the field defect, particularly 
for reader B. As expected, the preva- 
lence of NFL abnormalities declined as 
the time to field loss increased, but the 
decline was less dramatic than might 
have been expected. Roughly 60% of 
eyes already had NFL abnormalities 
4 to 6 years before field loss. Consis- 
tency was also high: once reader B 
identified an eye as abnormal, it was 
far more likely than not to be consid- 
ered abnormal at all subsequent visits 
despite unavoidable variation in the 
quality and orientation of the photo- 
graphs from year to year. 

The evolution of NFL abnormalities 
varied with their initial appearance 
and with the subsequent course of the 
individual eye. Most began with some 
degree of diffuse thinning already in- 
volving both hemispheres, principally 
the arcuate zones. Diffuse loss was 
best appreciated by the relative pauci- 
ty or absence of nerve fiber striations 
over second-order vessels, by reversal 
and other alterations of the normally 
light-dark-light pattern when scanning 
the temporal peripapillary area from 
top to bottom (Figs 1 to 5), and by the 
clarity with which vessel walls could be 
distinguished (Figs 3 to 5). Compari- 
sons between corresponding areas of 
the two hemispheres, or of the two 
eyes, often revealed subtle damage. 

In some eyes, localized defects easily 
recognized by the sharp transition to 
adjacent, more normal retina were su- 
perimposed on diffuse damage. These 
wedge-shaped focal defects were often 
more readily apparent (but less func- 
tionally significant) than more exten- 
sive diffuse atrophy (Fig 3). Presum- 
ably this relates to the relative ease of 
pattern recognition of sharp changes in 
NFL thickness (brightness) at the bor- 
ders of a wedge defect.” In monkeys, 
50% loss of local NFL thickness is 
readily recognized when it is adjacent 
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to normal retina.” 

Rare cases began with seemingly 
focal loss, often adjacent to a notched 
rim. With time, focal defects tended to 
deepen and expand by merging with 
newly thinned, adjacent areas of atro- 
phy (Fig 1). In a few cases, adjacent 
focal atrophy was preceded or accom- 
panied by a disc hemorrhage (Fig 4). 
Given the infrequent (annual) exami- 
nation, we may well have missed tran- 
sient disc hemorrhages in other cases.” 
Occasionally, a focal wedge defect was 
not accompanied by functional distur- 
bances or further damage, but this was 
uncommon. 

Diffuse atrophy would often deepen 
over time, with further loss of stria- 
tions, darkening of the fundus, increas- 
ing definition and clarity of second- 
order vessels and their walls, and 
reversal of the normal temporal retinal 
pattern. Instead of being the darkest 
zone, the normally thin maculopapular 
bundle became as bright as, or 
brighter than, the adjacent retina 
(Figs 1 and 2). Ultimately, little if any 
NFL persists, such that asymmetry 
between superior and inferior hemi- 
spheres disappears. One is left with a 
dark, granular-appearing fundus some- 
times displaying very fine, widely 
spaced, faint striations (Figs 3 and 5) 
and bright-walled vessels that stand 
out in sharp relief, devoid of overlying 
striations (Figs 1 and 5). Eventually, 
all striations are lost. 
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The evolution of NFL loss is best 
appreciated before the development of 
substantial field loss. Once this occurs, 
the NFL has practically disappeared, 
at least to our recording techniques, 
making current methods of NFL as- 
sessment most suitable for monitoring 
early loss and progression. 

A variety of image enhancement 
techniques that alter the recorded im- 
age have been applied to improving 
visibility of the NFL and its abnormal- 
ities. None has been particularly suc- 
cessful at improving recognition of de- 
fects and distinguishing normal from 
abnormal NFL. Quantifying the actual 
thickness of the NFL” (or, as a surro- 
gate, the neurosensory retina in its 
entirety) offers greater promise.~ In 
the meanwhile, the clinician is best 
advised to learn to recognize normal 
NFL, first in healthy young eyes and 
later in older individuals. Only then 
should one attempt to recognize abnor- 
malities corresponding to glaucoma- 
tous damage. Red-free photographs 
are extremely helpful when first learn- 
ing to evaluate the NFL and identify 
abnormalities. They remain conve- 
nient, but less essential, once direct 
visualization with a bright, direct oph- 
thalmoscope or slit lamp and contact 
lens has been mastered. 

We do not claim our patients were 
entirely free of psychophysical evi- 
dence of optic nerve dysfunction before 
meeting our criteria for visual field 
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Autosomal Dominant Sectoral Retinitis Pigmentosa 


Two Families With Transversion Mutation in Codon 23 of Rhodopsin 


John R. Heckenlively, MD; Joseph A. Rodriguez; Stephen P. Daiger, PhD 


e A cytosine-to-adenine transversion 
in codon 23 of rhodopsin, the rod visual 
pigment gene, was reported recently by 
Dryja et al in 17 of 148 unrelated patients 
with autosomal dominant retinitis pig- 
mentosa, but the clinical findings associ- 
ated with this deletion have not been 
reported in detail. In screening our pa- 
tients with autosomal dominant retinitis 
pigmentosa for the codon 23 transver- 
sion, we found positive results in four 
affected individuals from two families 
with sectoral retinitis pigmentosa, while 
12 patients with sectoral retinitis pigmen- 
tosa from different families had negative 
results, suggesting that other gene sites 
or locations may give this same pheno- 
typic change. From our patients’ history 
of light exposure and the location of 
degeneration in the retina, we hypothe- 
size that light phototoxicity may be play- 
ing an expressive role in this point muta- 
tion of the rhodopsin gene. This is the 
first report in which a type of retinitis 
pigmentosa has been associated with a 
specific molecular gene defect, although 
the actual pathophysiologic mechanism 
currently is unknown. 

(Arch Ophthalmol. 1991;109:84-91) 


olecular genetics is having a major 
impact on the understanding of a 
number of hereditary ocular diseases 
and has become the key to sorting out 
different retinal disorders that look 
alike. Once a gene for a disease has 
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been located on a chromosome, gene 
defects can be identified precisely, and 
the pathophysiologic characteristics of 
the disease may become apparent.’” 
Gene identification allows for better 
naming and classification of similar- 
appearing diseases. 

Retinitis pigmentosa (RP) is a prime 
example of a set of diseases that gener- 
ally have similar expression and clini- 
cal appearance yet have been difficult 
to study because the gene sites and 
actions have not been known or be- 
cause tissue (retinas from patients 
with RP) has not been readily 
available. 

Linkage analysis, the main molecu- 
lar genetic approach in the 1980s and 
1990s, has been successfully used to 
find gene sites in a number of autoso- 
mal dominant and X-linked recessive 
diseases.’ Linkage between a disease 
and a particular genetic marker (whose 
gene location is known) can be estab- 
lished by finding a strong association 
that passes through generations. In 
recent years, linkage analysis has be- 
come progressively more powerful 
with the addition of literally thousands 
of mapped DNA polymorphisms to the 
list of genetic markers available for 
testing families.* The DNA markers 
often have the advantage of needing 
fewer family members and of identify- 
ing the gene location more precisely 
than did blood trait testing. 

Another molecular biological tech- 
nique used to investigate causes of RP 
uses candidate genes, which are 
known gene sequences coding for nor- 
mal proteins or structures, which are 
hypothesized to be involved in the 
disease, and which, therefore, should 
be evaluated for mutations in patients 


with the disease. For example, one 
might investigate cilial structural 
genes in patients with Usher disease 
or genes for interphotoreceptor reti- 
noid-binding proteins in patients with 
retinal degeneration. 

Clinical research has also provided 
new information about the types of 
RP, giving a basis for understanding 
the diversity of disease seen in the 
hereditary pigmentary retinopathies. 
Both electroretinographic’’ and psy- 
chophysical™ testing suggest that 
there are at least two genetic types of 
RP within each inheritance group of 
autosomal dominant, autosomal reces- 
sive, and X-linked recessive RP. Cur- 
rently, at least four types of autosomal 
dominant RP (ADRP) can be identified 
clinically: rod-cone degeneration, cone- 
rod degeneration, sectoral retinitis 
pigmentosa, and a rare form of congen- 
ital RP.” 

Until 1989, no chromosomal linkage 
had been established in any family 
with ADRP. In that year, McWilliam 
and colleagues” at Trinity College, 
Dublin, Ireland, found strong linkage 
between a DNA marker on the long 
arm of chromosome 3 and the RP gene 
in an Irish family with ADRP. One of 
the most intriguing aspects of their 
discovery was that the site they identi- 
fied was in the immediate region of the 
gene for rhodopsin, the rod visual 
pigment. 

This finding led Dryja and col- 
leagues” to examine a number of fam- 
ilies with ADRP for abnormalities in 
the rhodopsin gene; they found that 17 
of 148 unrelated patients with ADRP 
had a cytosine-to-adenine transversion 
in codon 23 of the rhodopsin gene that 
produced a proline-to-histidine amino 
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Fig 1.—Fundus photographs and fluorescein angiogram of patient l-1 with autosomal dominant sectoral retinitis pigmen- 
tosa: Top left, Posterior pole. Right eye demonstrates inferior temporal pigmentation and diffuse retinal atrophy, with mild 
attenuation of retinal vessels. Bottom left, Fluorescein angiogram demonstrating diffuse window defect in posterior pole, 
except for fovea centralis area, which is hypofluorescent. Heavier pigmentation can be seen inferiorly. Right, Nasal superior 
(top) and nasal inferior (bottom) retina, demonstrating heavier pigmentation inferiorly. 


acid substitution. Their report had few 
clinical details, and the type of ADRP 
associated with the codon 23 change 
was not reported. 

After screening a number of families 
with ADRP, we ean provide details of 
the clinical manifestations of this gene 
alteration. In this study the codon 23 
transversion was found in two families 
with autosomal dominant sectoral RP. 


PATIENTS AND METHODS 
Selection of Patients 


Since the report by Dryja et al,” we have 
been testing DNA samples from patients 
with ADRP to detect the codon 23 muta- 
tion. Our goal has been to determine the 
clinical manifestations associated with this 
molecular alteration. The first patient in 
whom we found the gene alteration was 
patient I-1, who had autosomal dominant 
sectoral RP. With that information as a 
clue, patients from 14 additional unrelated 
families with the morphological diagnosis of 
sectoral RP were tested. All patients tested 
were Caucasian. 


Arch Ophthalmol—Vol 109, January 1991 


The diagnosis of sectoral RP was made 
from characteristic asymmetry of involve- 
ment between the upper and lower visual 
fields’ or from segmental retinal degener- 
ative changes, which often leave obvious 
demarcation lines between normal-appear- 
ing posterior pole and atrophied inferior 
equatorial retina.” It should be noted that 
the disorders termed sector or sectoral 
retinitis pigmentosa have no standard defi- 
nition; to some clinicians the term sectoral 
RP indicates a mild or nonprogressive form 
of RP, while to others it may indicate 
asymmetric loss between inferior and supe- 
rior retina that manifests as segmental de- 
generative changes inferiorly, inferonasal- 
ly, or, occasionally, superonasally. 

The subjects in this study were seven 
patients from five families with a definite 
history of autosomal dominant inheritance, 
one patient whose father had night blind- 
ness without known RP, one patient with 
two siblings (the siblings were not exam- 
ined) who had RP, and seven patients with 
no family history of RP but with no other 
family members who had been examined. 
Of these 16 patients, two individuals each 
from two unrelated families tested positive 
for the codon 23 mutation. Clinical details 
are presented below. 


Clinical Examination 


All patients were examined at the Jules 
Stein Eye Institute at UCLA using stan- 
dard procedures described elsewhere.”” 
The medical and family history was record- 
ed, and a complete ophthalmologic examina- 
tion was performed, including biomicros- 
copy, fundus examination, electrophy- 
siologic and visual field testing, and fundus 
photography. 

Electroretinograms were performed un- 
der a standardized protocol that separates 
cone and rod signals under strictly con- 
trolled conditions. Dark adaptation testing 
was performed with a Goldmann-Weekers 
dark adaptometer. Goldmann visual field 
testing was performed in the standard fash- 
ion, with IV-4-e, III-4-e, and I-4-e isopters 
(bringing the target from the periphery in 
toward central fixation until patients could 
identify the target at the edge of their field 
of vision). 


Report of Cases 


Family I.—Patient [-1.—A 28-year-old 
white man of English ancestry with a histo- 
ry of night blindness since grade school and 
visual field loss noted at age 18 years was 
evaluated. He had problems adapting from 
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light to dark conditions. Retinitis pigmen- 
tosa was diagnosed at age 23 years. The 
patient had a significant history of light 
exposure; for 8 years he was a life guard on 
the beach during the summers and a ski 
instructor during the winters (skiing up to 
150 days per year). The medical history was 
noncontributory. On examination, the visu- 
al acuity was 20/25+ OU with a low myopic 
astigmatic correction. Biomicroscopy re- 
vealed clear lenses and occasional pigment- 
ed flecks in the anterior vitreous space. 
Indirect ophthalmoscopy revealed a diffuse 
pigmentary retinopathy with slightly more 
pigment clumping inferiorly (Fig 1). 

Visual physiologic testing showed that 
the photopic electroretinogram (ERG) was 
barely recordable, while the rod-isolated 
and dark-adapted bright flash ERGs were 
nonrecordable by single-flash techniques 
(Table 1). The flicker stimulus was barely 
recordable. The final rod threshold after 40 
minutes of dark adaptation showed a 4.8 log 
unit elevation of the final rod threshold in 
each eye at 12° using a 2° target. Goldmann 
visual field testing demonstrated superior 
loss of visual field in both eyes (Fig 2) in a 
pattern often associated with sectoral RP 
inherited in the autosomal dominant 
fashion. 

Patient I-2.—The mother of patient I-1 
was examined at the same visit as her son. 
She was a 52-year-old woman at her initial 
examination. She denied any history of 
night blindness or peripheral visual difficul- 
ties. She had noted photosensitivity for 
approximately 20 years. Her medical histo- 
ry was normal. The family history (Fig 3, 
left) revealed that her father had lost one 
eye in an accident, but his ophthalmologist 
confirmed that the remaining eye has a 
pigmentary retinopathy in the nasal periph- 
eral retina and a posterior and anterior 
subcapsular cataract. 

On examination, the mother’s visual acu- 
ity was 20/20 OU without correction. Biomi- 


croscopy demonstrated a clear lens and 
syneresis of the anterior vitreous but no 
pigmented flecks. Indirect ophthalmoscopy 
revealed inferior and nasal retinal degener- 
ation with sparse pigmentation (Fig 4, top 
and bottom left). These changes were even 
clearer on fluorescein angiography (Fig 4, 
top and bottom right). 

Electrophysiologic testing showed that 
the photopic ERG was subnormal, the rod- 
isolated ERG was barely recordable, and 
the bright flash dark-adapted ERG was 
greatly diminished (Table 1). Goldmann vi- 
sual field testing demonstrated superior 
depression and contraction with smaller 
isopters and a dense scotoma superiorly 
with the IV-4 and III-4 isopters (Fig 6). 
Her visual field was better than that of her 
son. 





Family I.— Patient I-1.—A 27-year-old 
white man of Scottish and French ancestry 
was evaluated in 1982 for RP, as his oph- 
thalmologist had found the disease on a 
routine examination. The patient had a 
history of mild night blindness from child- 
hood, but on questioning the patient stated 
that he never saw well at night compared 
with other people. The patient's occupation- 
al history included three tours of duty at 
sea in the Navy as well as fire guard duty in 
dry dock for 6 months overseeing welding 
repairs on the floor of the ship. The family 
history (Fig 3, right) revealed that the 
patients father and second cousin once re- 
moved had been diagnosed as having RP, 
while several other family members had 
night blindness without severe problems. A 
family study including members other than 
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Fig 2.—Goldmann visual field for patient l-1, demonstrating superior visual field loss, contrac- 
tion of field with smaller isopter, and inferior round scotomata with large isopter. The superior 
asymmetric loss is typical of sectoral retinitis pigmentosa. 


Fig 3.— Family histories. Left, Family |. Patient l-1 (arrow, generation III) was the propositus, and patient l-2 (generation Il) 
was his mother. Right, Family Il. Patient Il-1 (arrow, generation IV) was the propositus, and patient Il-2 (generation III) was 
his father. The other affected members of family Il were discovered by history. X's indicate all patients examined; solid 
symbols, affected family members; and symbols with hash marks, possibly affected family members. 


Family 1 


86 Arch Ophthalmol—Vol 109, January 1991 


Family 2 
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Fig 4.—Fundus photographs and fluorescein angiogram for patient l-2. Left, Right eye (top) and left eye (bottom) of the 
mother of patient l-1. Patient l-2 was 24 years older than her son, who was more severely affected. Fluorescein angiograms 
of the right eye (top right) and left eye (bottom right) show inferior retinal atrophy with a demarcation between functioning 
posterior pole and inferior retina, with obvious retinal degeneration. 





Fig 5.—Fundus photograph (left) and fluorescein angiogram (right) of the right eye of patient 
ll-1, demonstrating diffuse retinal atrophy and sparse pigment deposition. The diagnosis of 
sectoral retinitis pigmentosa was based on the pattern of asymmetric loss between the upper 
and lower visual fields. 


the propositus and his father 
possible. 

On examination, the visual acuity was 
20/20— OU with a mild myopic astigmatic 
correction. Biomicroscopy showed clear 
lenses, syneresis, and no pigmented flecks 


in the anterior vitreous space. Indirect oph- 


was not 
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thalmoscopy showed sparse pigmentary 
changes, with greater involvement in the 
superonasal region (Fig 5). 
Electrophysiologic testing demonstrated 
an abnormal photopic ERG, with delayed 
implicit times, while the rod-isolated ERG 
was nonrecordable. The bright flash dark- 


adapted ERG also was diminished, with 
delayed implicit times (Table 1). Goldmann 
visual field testing demonstrated contrac- 
tion of smaller isopters with large scotoma- 
tous areas inferiorly (Fig 7). A final rod 
threshold at 12° showed a 2.4 log unit 
elevation, while it was 5.0 log units, severe 
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Table 1.—Electroretinographic Values of Patients With Sectoral Retinitis Pigmentosa With Codon 23 Transversion 


Electroretinographic Values * 


rr — 



























































Photopic Rod-Mediated Bright Flash Dark-Adapted 

SS ee oo: OO 

a-Wave b-Wave b-Wave b-Wave 

a-Wave Implicit b-Wave Implicit b-Wave Implicit a-Wave a-Wave b-Wave Implicit 

Patient Amplitude, Time, Amplitude, Time, Amplitude, Time, Amplitude, Implicit Amplitude, Time, 
No./Age, y Eye uv ms uV ms aV ms uv Time, ms uv ms 
I-1/28 Right 5 19 17 46 NR NR NR NR NR NR 
Left 8 19 12 48 NR NR NR NR NR NR 
1-2/52 Right 27 16 98 36 Severe Severe 82 20 105 59 
Left 31 13 86 35 Blink reflex Blink reflex 59 19 109 64 
ll-1/27 Right 40 17 50 41 NR NR 50 28 70 60 
Left 30 17 60 40 NR NR 60 28 80 60 

Normalt /35 90 + 16 15121 178 + 37 LP 2°4 274 + 80 18 + 2 484 + 84 50 +5 














* NR indicates no response. 
tNormal values are mean + SD. 





night blindness, at 30°. 

Patient II-2,—The father of patient II-1 
2 was 62 years old and was examined at the 
b J alc same time as the initial examination of his 
son. The patient stated that his vision had 
been poor in his left eye since a car accident 
in 1980. His visual acuity was 20/20 OD and 
counting fingers in the left eye. Indirect 
ophthalmoscopy showed diffuse retinal pig- 
ment atrophy with pigment clumps that 
were more dense inferiorly than in the 

Mi vay . E superior retina. The left eye had a macular 
as\| j S i 7 scar. No electrophysiologic or visual field 
i ù studies were done. 


DNA Analysis 


/\ i É The method for performing the polymer- 
A 0 7 3 ase chain reaction (PCR) amplification of 
exon 1 of the rhodopsin gene was as fol- 
lows.” Genomic DNA used for amplification 
was purified from isolated lymphocytes by 
3 A j : ; : phenol extraction on an automated nucleic 
Fig 6.—Goldmann visual field of patient l-2, the mother of patient l-1, demonstrating superior acid extractor (Applied Biosystems Inc, 
visual field loss, with smaller isopters and a dense superior scotoma with the IIF4 isepter. Her Foster City, Calif). Oligonucleotides used 
visual field was better than that of her son (Fig 2). for PCR amplification of a region of the first 


exon of the human rhodopsin gene were 
purchased from Genosys Ine (Woodlands, 
Tex). Primer sequences are shown in Table 
2. The target sequence was amplified in a 
100-uL volume with a Gene Amp Kit (Per- 
kin Elmer Cetus, Norwalk, Conn) used 
according to the manufacturer's conditions. 
The amplification reaction mixture con- 
tained lug genomic DNA; deoxyadenosine 
triphosphate, deoxyguanosine triphos- 
phate, deoxycytidine triphosphate, and 
deoxythymidine triphosphate, 200 pmol/L 
each; potassium chloride, 50 mmol/L; TRIS 
hydrochloride, 10 mmol/L, ph 8.3; magne- 
sium chloride, 1.5 mmol/L; 0.01% (wt/vol) 
gelatin; and the amplification primer pair, 
0.2 pmol/L. Samples were heated to 95°C 
for 7 minutes to initially denature the geno- 
mic DNA and were quickly cooled on ice. A 
2.5-U sample of Tag DNA polymerase (Per- 
kin Elmer Cetus) was then added, samples 
were overlaid with mineral oil, and PCR 
Fig 7.—Goldmann visual field of patient Il-1, showing inferior dense scotomata, contraction of amplification was initiated. The PCR cycles 
field with the |-4-e isopter, and retention of superior visual field with the l-4 isopter. These consisted of DNA denaturation at 94°C, 














changes are atypical for sectoral retinitis pigmentosa, which usually has superior or superotem- primer annealing at 60°C, and primer ex- 
poral loss but still meets the definition of asymmetric loss between the inferior and superior tension at 72°C, all for 1 minute. In all, 30 
visual fields. cycles were performed. A 10% aliquot of 
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the PCR mixutre was analyzed on 1% agar- 
ose gel (TRIS-borate-ethylenediaminete- 
traacetic acid buffer) after amplification. In 
addition to genomic DNA from test individ- 
uals, each amplification experiment includ- 
ed both a positive control DNA from an 
individual known to have the codon 23 
mutation (provided by T. Dryja, MD) and 
negative controls in which distilled water 
was substituted for genomic DNA. 
Mutation screening by allele-specific oli- 
gonucleotide (ASO) hybridization of PCR 
products was performed using a pair of 
synthetic oligonucleotide probes 15 nucleo- 
tides long, one specific for the normal allele 
and the other specific for the mutant allele 
(Table 2). The ASO probes were end-la- 
beled with gamma [“Pladenosine triphos- 
phate at 185x 10" MBq/nmol (Amersham, 
Arlington Heights, Ill). Labeled probe was 
purified on Bio-Spin column 6 (Bio-Rad 
Laboratories, Richmond, Calif). Genomic 
DNA samples were amplified as described 
above. A 15-.L sample of amplified product 
was denatured in sodium hydroxide, 0.3 
mol/L, for 5 minutes, neutralized in ammo- 
nium 1 mol/L, and applied via dot-blot 
apparatus (Bio-Rad) to a Zeta Probe mem- 
brane (Bio-Rad) wetted in 20x standard 
saline citrate (20x sodium chloride-sodium 
citrate; sodium chloride, 3.0 mmol/L; and 
trisodium citrate, 0.3 mmol/L, pH _ 7.0). 
Hybridization was carried out with labeled 
normal and labeled mutant probe according 
to a method described elsewhere.” Hybrid- 
ized membranes were then washed twice at 
ambient temperature for 10 minutes each 
time in 3x sodium chloride—sodium citrate 
followed by a stringent wash at 57°C for 10 
minutes in 6x standard saline citrate. 
Membranes were exposed to film (X-Omat 
XAR-5, Kodak, Rochester, NY) with inten- 
sifying screens for 1 to 12 hours at — 70°C. 


RESULTS 


To screen for the existence of the 
missense mutation, DNA samples 
from a number of individuals with 
ADRP were analyzed by dot-blot hy- 
bridization. Table 2 shows the primers 
used for PCR amplification of the re- 
gion of exon 1 containing the cytosine- 
to-adenosine transversion and the se- 
quence of the ASO probes. The 
amplified fragment is expected to be 
140 base pairs long. In all amplification 
experiments, each amplified genomic 
DNA produced a distinct fragment of 
the expected molecular weight on 
agarose gels; no amplification product 
was detected in the blank water con- 
trols; and the positive control, contain- 
ing DNA from an individual known to 
have the codon 23 mutation, was posi- 
tive for the mutant codon 23 ASO. 
Figure 8 shows the agarose gel results 
of 30 cycles of amplification. Figure 9, 
left, shows a dot-blot membrane hy- 
bridized with a mutant ASO, and Fig 
9, right, shows the same membrane 
washed and rehybridized with the nor- 
mal ASOs for DNA samples from pa- 
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Oligonucleotide 


Table 2.—Polymerase Chain Reaction Amplification Primers and 
Allele-Specific Oligonucleotides 





Primer Sequence 











Rhodopsin 5’ amplifying oligonucleotide 
Rhodopsin 3’ amplifying oligonucleotide 
Allele-specific oligonucleotide, normal type 
Allele-specific oligonucleotide, mutant type 





*The mutated nucleotide is underlined. 








CACAGAAGGCCCTAACTTCT 
GCACGATCAGCAGAAACATG 
CGCAGCCCCTTCGAG* 

CGCAGCCACTTCGAG * 


140 Base Pairs 


Fig 8.—Electrophoretically separated polymerase chain reaction products from amplification of 
rhodopsin exon 1. Lanes 1 through 8 show amplification product from unrelated affected 
individuals. Lanes 10 show the results for negative controls; distilled water was substituted 

for genomic DNA. Lane 11 shows a ladder of 123 base pairs for molecular weight sizing. 


tients I-1, II-1, and II-2. The DNA 
samples from all four patients hybrid- 
ized with both the mutant and wild- 
type ASOs, whereas the remainder of 
the DNA samples hybridized with the 
normal ASO only. 

These findings are expected for the 
presence of a dominant codon 23 muta- 
tion. The DNA samples from affected 
individuals have both the mutant and 
wild-type alleles; that is, they are het- 
erozygous and affected. The DNA 
samples from affected individuals 
without the codon 23 mutation will be 
homozygous for the wild-type se- 
quence at the codon 23 site. Of course, 
this does not preclude the possibility 
that there are mutations elsewhere in 
the rhodopsin gene in affected individ- 
uals who test negative for the codon 23 
mutation. 


COMMENT 


The finding of sectoral RP in pa- 
tients with ADRP who have the codon 
23 mutation in rhodopsin is unexpect- 
ed. When this finding was reported 
originally, clinical details were not giv- 
en, other than that patients had early 
electroretinographic involvement of 
rods and delayed implicit times of rods 


and cones, suggestive of type 1 RP.” 
Although other forms of ADRP are 
tightly linked to DNA markers on the 
long arm of chromosome 3 and are 
likely to be associated with rhodopsin, 
the codon 23 mutation is not present in 
these families."~’ In addition, other 
forms of ADRP are excluded from this 
chromosome region.” While there is 
clinical and genetic heterogeneity in 
ADRP, sectoral ADRP appears to be a 
distinct clinical entity. In our study, 
however, only two of the five families 
with autosomal dominant sectoral RP 
had the codon 23 mutation. Recent 
reports of other mutations in the rho- 
dopsin gene in families with ADRP 
suggest that a number of distinct mu- 
tations eventually may be associated 
with sectoral RP. 

In our small survey, two (14%) of 14 
families had the codon 23 mutation; 
this is comparable to the frequency 
reported by Dryja et al,” but it is a 
skewed value in our study because 
typical ADRP was not included. Based 
on this finding, we speculate that the 
codon 23 mutation in rhodopsin might 
be more frequent in families with sec- 
toral RP, based on field or fundus 
changes, than in families with other 
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Fig 9.—Left, Hybridization with mutant allele-specific oligonucleotides. The strongly hybridiz- 
ing dots represent affected individuals who have the cytosine-to-adenosine transversion at 
codon 23 of rhodopsin. The positive dot at the top right represents patient l-1, the positive dot 
straight below this represents patient Il-2, and the positive dot below and to the left represents 
patient Il-1. Right, Rehybridization with wild-type allele-specific oligonucleotides. As expected, 
all DNA samples are positive for normal allele-specific oligonucleotides. The intensity of each 
hybridizing dot in this panel is proportional to the amount of DNA loaded (determined by gel 
electrophoresis after amplification), except that responses of the DNA samples from individuals 
testing positive for the codon 23 mutation are weaker than predicted due to the heterozygous 
nature of the mutation, which leaves only one chromosome with a normal rhodopsin gene. 
Negative controls are at bottom left and bottom center. The DNA samples are from 25 patients 
with retinitis pigmentosa and eight unaffected individuals; four negative controls (distilled water 
was substituted for genomic DNA) are also included. 


types of ADRP. A larger survey will 
be required to establish the relative 
risk of the codon 23 mutation in vari- 
ous clinical forms of ADRP. Depending 
on the stage of disease, sectoral RP 
changes may not be present; advanced 
cases are likely to have a diffuse pig- 
mentary retinopathy. 

Sectoral RP has interested investi- 
gators for years because of the atypical 
nature of the disease; hereditary reti- 
nal degenerations typically show sym- 
metric involvement, yet in sectoral RP 
the inferonasal quadrants usually show 
degeneration while other portions of 
the retina remain intact.” The ERG is 
usually recordable in a subnormal 
range,” and Berson and Howard” re- 
ported normal implicit times in sec- 
toral RP. In our three cases with re- 
cordable ERGs, some a-wave and all b- 
wave implicit times were delayed. 

While obvious retinal atrophy is con- 
fined to localized areas, results of dark 
adaptation testing have been reported 
to be abnormal in all quadrants in 
sectoral RP by several authors." In 
studies of threshold sensitivities in 
normal patients, Krill et al* found that 
there was a consistent elevation of 
thresholds in the inferior compared 
with the superior retina, suggesting a 
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congenital defect or weakness in the 
area. They hypothesized that the in- 
creased threshold is secondary to delay 
in retinal differentiation in the region 
of the embryonic fissure. 

Fishman and colleagues” proposed a 
classification system for ADRP that 
included type 2 disease, in which pa- 
tients show marked loss of rod ERG 
with prolonged cone implicit times.” 
The case example of type 2 ADRP 
illustrated in their article appears to be 
identical to our cases. 

Since this is the first detailed clinical 
report of the codon 23 substitution, it 
is not yet known whether other mor- 
phologic forms of ADRP are associated 
with this gene type. Because of the 
variable expressivity seen in our pa- 
tients, some patients with ADRP with 
reduced penetrance described in the 
past may also have had a rhodopsin 
codon substitution.” 

There has been speculation on a role 
for light toxicity in RP over the years, 
but there has never been any conclu- 
sive evidence that light toxicity causes 
or contributes to human RP. The his- 
tories of patients I-1 and II-1, howev- 
er, as well as the usual retinal location 
of degeneration in sectoral RP (ie, 
those parts of the retina with the most 


light exposure) suggest that, at least in 
codon 23 ADRP, light may pay a toxic 
role in retinal degeneration. 

Of great interest was the severity of 
disease in patient I-1 at presentation 
compared with his mother and grand- 
father, who were both essentially 
asymptomatic and who lived in the 
Pacific Northwest, where there is less 
direct sunlight. The history of light 
exposure in patient I-1 as a lifeguard 
and ski instructor without special care 
for protection from ultraviolet light for 
8 years may have contributed to his 
retinal degeneration. 

Patient II-1 also had a history of 
sunlight exposure and welding expo- 
sure as a sailor in the navy, where 
there was light reflection from the 
water (from below) and strong light 
exposure from welding of flooring for 6 
months. This exposure may account 
for the fact that sectoral changes were 
more severe in his superior than inferi- 
or retina, contrary to what is common- 
ly seen in other cases of sectoral RP. 
Further studies are needed to deter- 
mine whether sunlight has a pathogen- 
ic role in codon 23 ADRP. 

It is not clear why a mutation on one 
of a pair of rhodopsin genes should lead 
to RP, but an analogy in ophthalmic 
disease suggests a hypothetical mecha- 
nism. In retinoblastoma, which, if heri- 
table, has an autosomal dominant pat- 
tern, only one retinoblastoma gene has 
mutated; the other homologous retin- 
oblastoma gene is normal. This second 
gene undergoes a mutation or loss that 
leads to the development of retinoblas- 
toma. This is the “two-hit” model of 
retinoblastoma first suggested by 
Knudson.” Although this model ap- 
plies to a nuclear DNA mutation, a 
similar two-hit phenomenon may be 
hypothesized for proteins. Alterations 
in prolines are frequently associated 
with loss of protein stability. For the 
codon 23 mutation in rhodopsin, the 
first hit is the germ line mutation, 
destabilizing the protein, while the 
second hit may be subsequent damage 
to the protein by visible or ultraviolet 
light. It remains uncertain whether 
this leads to cell death directly or to 
undigestible outer segment debris ob- 
structing degradation by the retinal 
pigment epithelium. This type of 
mechanism may help to explain the 
variable expressivity that is often seen 
in this disorder, since secondary fac- 
tors, such as the person’s ability to 
handle radical oxygen, exposure to 
sunlight, or other toxic factors, all 
could influence protein damage in the 
rhodopsin molecule. 

In summary, our patients with co- 
don 23 transversion RP from two fam- 


Retinitis Pigmentosa—Heckenlively et al 


q 


ilies had autosomal dominant inheri- 
tance, but affected family members 
may be asymptomatic except for night 
blindness. Most patients had more 
prominent inferior and inferonasal ret- 
inal degeneration, with conservation of 
the macular area to the vascular ar- 
cades. The most identifiable feature of 
codon 23 transversion RP is upper-to- 


1. Caskey CT. Disease diagnosis by recombi- 
nant DNA methods. Science. 1982;236:1223-1228. 

2. Antonarakis SE. Diagnosis of genetic disor- 
ders atthe DNA level. N Engl J Med. 1989;320:153- 
163. 

3. Human Gene Mapping 10: Tenth Internation- 
al Workshop in Human Gene Mapping. Cytogenet 
Cell Genet. 1989;51:1-1148. 

4. Kidd KK, Boweock AM, Schmidke J, et al. 
Report of the DNA committee and catalogs and 
mapped genes and DNA polymorphisms. Cyto- 
genet Cell Genet. 1989;51:622-947. 

5. Rodriguez JA, Blanton SH, Daiger SP. The 
polymerase chain reaction and a candidate gene 
approach to mapping autosomal dominant retinitis 
pigmentosa. Proceedings of the 17th Annual Meet- 
ing, Texas Genetics Society, Austin. 1990;17:10. 

6. Heckenlively JR, Martin DA, Rosales, TR. 
Telangiectasia and optic atrophy in cone-rod degen- 
erations. Arch Ophthalmol. 1981;99:1983-1991. 

7. Heckenlively JR. The classification of retini- 
tis pigmentosa. In: Henkind P, Shimizu K, Blodi 
FC, Polack FM, Veronneau-Troutman S, eds. 
Acta: XXIV International Congress of Ophthal- 
mology. Philadelphia, Pa: JB Lippincott; 1983;1:34- 
37. 

8. Massof RW, Finkelstein D. Subclassifications 
of retinitis pigmentosa from two-color scotopic stat- 
ic perimetry. Doc Ophthalmol. 1981;51:289-346. 

9. Kemp CM, Jacobson SG, Faulkner DJ. Two 
types of visual dysfunction in autosomal dominant 
retinitis pigmentosa. Invest Ophthalmol Vis Sci. 
1988;29:1235-1241. 

10. Heckenlively JR. Autosomal dominant reti- 
nitis pigmentosa, In: Heckenlively JR, ed. Retini- 
tis Pigmentosa. Philadelphia, Pa: JB Lippincott; 
1988:125-149. 

11. MeWilliam P, Farrar GJ, Kenna P, et al. 


lower asymmetry (superior depres- 
sion) of the visual field. In our three 
patients who had ERGs, there was a 
rod-cone pattern with delayed b-wave 
implicit times for both the photopic and 
dark-adapted bright flash conditions. 


This work was supported by grants from the 
John J. Roscia family (Dr Heckenlively); the 
National Retinitis Pigmentosa Foundation, Balti- 


References 


Autosomal dominant retinitis pigmentosa (ADRP): 
localization of an ADRP gene to the long arm of 
chromosome 3. Genomics. 1989;5:619-622. 

12. Dryja TP, McGee TL, Reichel E, et al. A 
point mutation of the rhodopsin gene in one form of 
retinitis pigmentosa. Nature. 1990;343:364-366. 

13. Massoff RW, Finkelstein D. Vision thresh- 
old profiles in sector retinitis pigmentosa. Arch 
Ophthalmol. 1979;97:1899-1904. 

14. Hellner KA, Rickers J. Familiary bilateral 
segmental retinopathia pigmentosa. Ophthalmolo- 
gica. 1973;166:327-341. 

15. Heckenlively JR. RP cone-rod degenera- 
tion. Trans Am Ophthalmol Soc. 1987;85:438-470. 

16. Innis MA, Gelfand DH, Sninsky JJ, White 
TJ. PCR Protocols: A Guide to Methods and Appli- 
cations. Orlando, Fla: Academic Press Inc; 1990. 

17. Emi M, Wu LL, Robertston MA, et al. Geno- 
typing and sequence analysis of apolipoprotein E 
isoforms. Genomics. 1988;3:373-379. 

18. Lester DH, Inglehearn CF, Bashir R, et al. 
Linkage of D3547 (C17) in one large autosomal 
dominant retinitis pigmentosa family and exclusion 
in another: confirmation of genetic heterogeneity. 
Am J Hum Genet. In press. 

19. Farrar GJ, Kenna P, Redmond R, et al. 
Autosomal dominant retinitis pigmentosa (RP4): 
absence of the rhodopsin codon 23 proline to histi- 
dine transversion in pedigrees of Irish origin. Am J 
Hum Genet. In press. 

20. Olsson JE, Samanns C, Jimenez J, et al. 
Gene of type II autosomal dominant retinitis pig- 
mentosa maps on the long arm of chromosome 3. 
Am J Med Genet. 1990;35:595-599. 

21. Blanton SH, Cottingham AW, Giesenschlag 
N, Heckenlively JR, Humphries P, Daiger SP. 
Further evidence of exclusion of linkage between 
type II autosomal dominant retinitis pigmentosa 





Currently in Other AMA Journals 


ARCHIVES OF INTERNAL MEDICINE 


some 


more, Md; the George Gund Foundation, Cleve- 
land, Ohio; and the National Institutes of Health 
(grant EY07142 to Dr Daiger). 

We thank Thaddeus Dryja, MD, for providing 
DNA for control purposes from an individual with 
the rhodopsin codon 23 mutation. 

Cell lines from family 1 in this study are 
available from the RP Cell Line Collection, Hu- 
man Genetic Mutant Cell Repository, Camden, 
NJ. 


(ADRP) and D3S47 on 3q. Genomics. In press. 

22. Inglehearn CF, Jay M, Lester DH, et al. No 
evidence for linkage between late onset autosomal 
dominant retinitis pigmentosa and chromosome 3 
locus D3S47 (C17): evidence for genetic heteroge- 
neity. Genomics. 1990;6:168-173. 

23. Fledelius H, Simonsen SE. A family with 
bilateral symmetrical sectoral pigmentary retinal 
lesions. Acta Ophthalmol. 1970;48:14-22. 

24. Krill AE. Rod-cone dystrophy. In: Krill AE, 
Archer DB, eds. Hereditary Retinal and Choroidal 
Diseases. New York, NY: Harper & Row Publish- 
ers Inc; 1977:494. 

25. Berson EL, Howard J. Temporal aspects of 
the electroretinogram in sector retinitis pigmen- 
tosa. Arch Ophthalmol. 1971;86:653-665. 

26. Fulton AB, Hansen RM. The relation of rho- 
dopsin and scotopic retinal sensitivity in sector reti- 
nitis pigmentosa. Am J Ophthalmol. 1988;105:132- 
140. 

27. Krill, AE, Archer D, Martin D. Sector retini- 
tis pigmentosa. Am J Ophthalmol. 1970;69:977- 
987. 

28. Krill AE, Smith VC, Blough R, Pass A. An 
absolute threshold defect in the inferior retina. In- 
vest Ophthalmol Vis Sci. 1968;7:701-707., 

29. Fishman GA, Alexander KR, Anderson RJ. 
Autosomal dominant retinitis pigmentosa: a meth- 
od of classification. Arch Ophthalmol. 1985; 
103:366-374. 

30. Berson El, Simonoff EA. Dominant retinitis 
pigmentosa with reduced penetrance. Arch Oph- 
thalmol. 1979;97:1266-1291. 

31. Knudson AG Jr. Mutation and cancer: statis- 
tical study of retinoblastoma. Proc Nat Acad Sci 
US A. 1971;68:820-823. 


Medical House Officers’ Knowledge, Attitudes, and Confidence Regarding Medical 


Ethics 


Daniel P. Sulmasy, OFM, MD; Gail Geller, ScD; David M. Levine, MD, MPH, ScD; Ruth Faden, 
PhD, MPH (Arch Intern Med. 1990;150:2509-2513) 


Arch Ophthalmol—Vol 109, January 1991 





Retinitis Pigmentosa—Heckenlively etal 91 


Ocular Findings in Patients With Autosomal 
Dominant Retinitis Pigmentosa and a 
Rhodopsin Gene Defect (Pro-23-His) 


Eliot L. Berson, MD; Bernard Rosner, PhD; Michael A. Sandberg, PhD; Thaddeus P. Dryja, MD 


è Ocular findings are presented from 
17 unrelated patients with a form of auto- 
somal dominant retinitis pigmentosa and 
the same cytosine-to-adenine transver- 
sion in codon 23 of the rhodopsin gene 
corresponding to a substitution of histi- 
dine for proline in the 23rd amino acid of 
rhodopsin (designated rhodopsin, Pro- 
23-His). On average, these patients 
(mean age, 37 years) had significantly 
better visual acuity and larger electroreti- 
nographic amplitudes than 131 unrelated 
patients (mean age, 32 years) with auto- 
somal dominant retinitis pigmentosa 
without this mutation. However, these 17 
patients from separate families, as well 
as 12 relatives with the mutation from 
four of these families, showed interfami- 
lial and intrafamilial variability with re- 
spect to severity of their ocular disease, 
suggesting that some factor(s) other 
than this gene defect itself is involved in 
the expression of their condition. This 
form of retinitis pigmentosa can now be 
detected by testing leukocyte DNA from 
peripheral blood. Some mechanisms by 
which this mutation in the rhodopsin 
gene could lead to rod photoreceptor cell 
death are suggested. 

(Arch Ophthalmol. 1991;109:92-101) 


[2 a large family in Ireland with 

autosomal dominant retinitis pig- 
mentosa,’ an anonymous polymorphic 
sequence named CRI-C17, within the 
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long arm of human chromosome 3, was 
found to be linked to the disease trait. 
Since the rhodopsin gene is also within 
the long arm of chromosome 3,™ and 
since rhodopsin is expressed in rod 
photoreceptors that are affected early 
in this disease,” we searched for an 
abnormality in the rhodopsin gene in 
the leukocyte DNA of patients with 
dominant retinitis pigmentosa. We 
found an abnormal nucleotide sequence 
in the gene coding for rhodopsin (Fig 
1) in 17 of 148 unrelated patients with 
autosomal dominant retinitis pigmen- 
tosa and in none of 102 unaffected 
individuals." This nucleotide base 
change was a cytosine-to-adenine (C- 
to-A) transversion in codon 23 (ie, 
CCC to CAC), corresponding to a sub- 
stitution of histidine for proline in the 
23rd amino acid of rhodopsin (designat- 
ed rhodopsin, Pro-23-His). Only clini- 
cally affected relatives showed this 
gene defect.’ These results, coupled 
with the fact that proline at position 23 
is highly conserved among normal op- 
sins,’ suggested that this mutation 
could be the cause of this form of 
retinitis pigmentosa." 

In the present study, the findings on 
ocular examination of the 17 of 148 
unrelated patients with dominant reti- 
nitis pigmentosa and this C-to-A trans- 
version in codon 23 of the rhodopsin 
gene are described. Their findings are 
compared with those of the other 131 
unrelated patients with dominant reti- 
nitis pigmentosa without this mutation 
to show that differences typically exist 
between these two groups. In addi- 
tion, 12 affected relatives of the 17 
patients are described to shew that 
clinical heterogeneity exists even 
though these patients and their rela- 
tives have the same point mutation in 
the rhodopsin gene. Some mechanisms 
by which this mutation in rhodopsin 


could lead to photoreceptor cell death 
are discussed. 


PATIENTS AND METHODS 
Patient Selection 


We reviewed the clinical findings from 
148 patients aged 18 to 49 years with auto- 
somal dominant retinitis pigmentosa who 
had donated a blood specimen for molecular 
genetic studies of their leukocyte DNA. All 
148 patients were from separate families, 
and they resided in the United States or 
Canada. Each patient was from a family 
with a dominant mode of transmission of 
retinitis pigmentosa over at least three 
consecutive generations. Seventeen of 
these patients had the C-to-A transversion 
in codon 23 of the rhodopsin gene, corre- 
sponding to a substitution of histidine for 
proline, while 131 of these patients did not 
carry this mutation.” All 148 patients had 
retinal arteriolar attenuation; the majority 
had intraretinal bone spicule pigmentation. 
We also reviewed the ocular findings of 12 
clinically affected relatives of four of the 17 
patients with the mutation. These relatives 
were selected because they had already 
provided blood specimens for DNA analy- 
sis; all had the same C-to-A transversion in 
codon 23 of the rhodopsin gene. 

Nucleotide sequences of codons 20 to 26 
of the human rhodopsin gene, obtained from 
leukocyte DNA with methods previously 
described,” are illustrated in Fig 2 for a 
normal individual (N79), a patient with 
dominant retinitis pigmentosa without this 
mutation (AD12), and four of the 17 pa- 
tients with this mutation (AD160, AD133, 
AD87, and AD126). The four nucleotide 
bases, namely cytosine, thymine, adenine, 
and guanine, are designated by C, T, A, 
and G for each patient. The normal individ- 
ual and patient AD12 without the mutation 
showed the normal” sequence, while the 
four patients with the mutation showed the 
C-to-A base change within codon 23 (ie, 
CCC to CAC) that results in a substitution 
of histidine for proline. Sequencing gels 
were initially used to evaluate a 558—base 
pair fragment of exon 1 of the rhodopsin 
gene, which had been amplified with the 
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Fig 1.—Representation of opsin in the outer segment membrane of the rod. Arrow designates 
the predicted site of mutation in this protein in the 23rd amino acid from the amino terminus in 
patients with this form of dominant retinitis pigmentosa; asterisk, the site of attachment of opsin 
to 11-cis-retinal at lysine 296 to form rhodopsin located in the seventh transmembrane segment: 
and shaded circles, amino acids that are invariate among vertebrate opsins. 


AD12 
CTAG 


AD160 


AD87 AD126 
CTAG CTAG 





Fig 2.—Nucleotide sequence of codons 20 to 26 of the human rhodopsin gene derived from 
leukocyte DNA of a normal individual (N79) and of five representative patients with autosomal 
dominant retinitis pigmentosa included in this study and identified by their molecular genetic 
numbers AD12, AD160, AD133, AD87, and AD126. The normal subject and patient AD12 show 
the normal sequence while the other four patients are heterozygous for the cytosine-to-adenine 
transversion within codon 23 (CCC to CAC). In these four patients with this mutation, the single 
base change can be seen as a band marked in brackets. 


polymerase chain reaction in 20 of the 148 
patients of whom five showed the mutation. 
Then, two oligomers (19mers) correspond- 
ing to the normal (5’-ACGCAGCCCCTTC- 
GAGTAC-3’) and mutant (5’-ACGCAGC- 
CACTTCGAGTAC-3’) sequences in codon 
23 were synthesized. These oligomers, end- 
labeled with y “P (adenosine 5’-triphos- 
phate tetra [triethylammonium] salt), were 
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individually hybridized with the amplified 
DNA from each of the 148 unrelated pa- 
tients as well as from 102 normal individ- 
uals used as controls. Seventeen of the 148 
patients, including the original five patients 
analyzed with sequencing gels, carried the 
C-to-A base change by this technique, 
whereas 102 normal individuals did not 
show this mutation (P<.001), thereby ex- 


cluding the possibility that the nucleotide 
change represented a DNA polymorphism 
with no relationship to the disease. Nucleo- 
tide sequences of other exons of rhodopsin 
were also isolated from leukocyte DNA 
from some of the 17 affected patients, and 
no other point mutations resulting in amino 
acid substitutions in rhodopsin were found.° 
The 12 relatives with retinitis pigmentosa 
in the present study were evaluated either 
with sequencing gels or with the synthetic 
oligomers, and all showed the same C-to-A 
mutation in codon 23. 


Ocular Examination 


The 148 unrelated patients with dominant 
retinitis pigmentosa, including the 17 pa- 
tients with and the 131 patients without the 
C-to-A transversion in codon 23, completed 
a questionnaire with respect to age at onset 
of night blindness and age at onset of 
difficulty with side or peripheral vision. 
They were then evaluated with respect 
to distance visual acuities, kinetic Gold- 
mann visual fields, applanation tensions, 
dark adapted full-field electroretinograms 
(ERGs), retinal acuities, slit-lamp appear- 
ance of each lens, and fundus appearance by 
ophthalmoscopy. Best-corrected distance 
acuity was first measured for each eye with 
undilated pupils at a distance of 3.2 m ona 
projected Snellen chart. Distance acuity 
was then measured for each eye on a retro- 
illuminated Ferris chart; the Ferris charts 
contained five Sloan letters of comparable 
difficulty on each line.’ A different Ferris 
chart was used for each eye to avoid any 
possible biases due to memorizing the 
chart. After measuring acuity, kinetic visu- 
al fields were obtained with a V-4, white 
test light on a background of 31.5 apostilbs 
in the Goldmann perimeter. The test light 
was moved from nonseeing to seeing areas. 
Fields were plotted with a digitizing tablet 
and the total area for each eye was quanti- 
tated by a computer in degrees squared and 
expressed as an equivalent circular area or 
equivalent circular diameter.” Applanation 
tensions were measured for each eye with a 
slit lamp after application of topical anes- 
thesia with proparacaine hydrochloride and 
topical application of fluorescein. 

After maximal dilation of the pupils with 
phenylephrine hydrochloride and cyclopen- 
tolate hydrochloride and dark adaptation 
for 45 minutes, full-field ERGs were record- 
ed from each eye with a bipolar Burian- 
Allen (Hansen Ophthalmic Development 
Laboratory Inc, Iowa City, Iowa) contact 
lens electrode placed on the topically anes- 
thetized cornea. Full-field ERGs were elic- 
ited in response to 0.5-Hz white light 
flashes and then 30-Hz white light flashes 
presented in a Ganzfeld dome. Stimulus 
duration was 10 microseconds and stimulus 
luminance was 3.8 log foot-lamberts. Re- 
sponses were differentially amplified at a 
gain of up to 10 000 (—3 dB at 2 Hz and 300 
Hz), attenuated at 60 Hz with a notch filter 
(Q=30), and for 30-Hz flickering stimuli 
further amplified at a gain of up to 20 witha 
band-pass filter (Q=16). Responses were 
summed by a computer (n=64 for 0.5-Hz 
responses and n= 768 for 30-Hz responses). 
The computer contained an artifact reject 
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Table 1.—Histories of Affected Patients 


Age at Onset 
of Night Blindness, y 


Patient No./ 
Age, y* /Sex 


Age at Onset of 


Difficulty With Side Vision 





1/23/M 


Nonet 


Nonet 





2/26/F 


23 





3/29/F 


26 





4/29/F 





5/32/M 


28 





6/33/M 


23 





7/33/F 





8/34/M 





9/38/M 











10/38/F 





11/39/M 








12/42/F 





13/43/F 





14/43/F 








15/44/M 








16/45/F 
17/52/F 


* Age at time of visit. 





tPatient had not yet experienced symptom at the time of this visit. 


Onset of symptom near birth. 


Visual Acuity 


Patient No./ 


Age, y Eye Snellen 


Ferris* 


crar 


Retinal 


Refractive Error 





1/23 20/20 


67 


20/20 


+0.25 





20/20 


65 


20/21 


+0.12 








2/26 20/23 


20/25 


56 
53 


20/23 
20/25 


+1.00—1.50X 180° 





+0.62—1.37X92° 





20/41 


—0.37 





20/30 
20/20 


—0.25 





Plano 





20/20 


Plano 





20/25 


+2.25—2.50X55° 





20/20 


+1.50—1.25X 150° 





20/21 


Plano 





20/21 


Plano 





20/32 


+0.75—1.25X37° 





20/32 


+0.75—0.75X172° 





20/21 


—1.50—1.00X117° 





10/38§ 


20/20 


—1.50—1.00X65° 





20/20 


—1.37—0.50X 145° 





20/20 


—2.12—0.75X25° 





—2.00 0.25 170° 








11/39 


—1.75—0.25X 170° 





20/25 


—2.87—1.00X 172° 





20/26 


—3.00—1.00X 12° 





12/42 


20/25 








13/43 


20/23 
20/36 


+1.00—0.87 X 87° 








+1.37-1.50X80° 





+0.25—0.25X42° 





20/36 


+0.25 





14/43 


20/21 


+0.12 





20/21 


+0.12 











R 
E 
R 
E 
R 
L 
R 
L 
R 
L 
R 
L 
R 
L 
R 
L 
R 
L 
R 
L 
R 
L 
R 
L 
R 
L 
R 
L 
R 
L 
R 
L 
R 


20/24 
20/26 
20/62 


—6.25—1.75X45° 
—6.75—1.50X 177° 


+++ ++ [tpt + [tle + p+ i+ i+ i+ f+ i+ l+l4f4l4+ 








—0.50—2.12X 172° 





20/54 


—0.12—2.50X 170° 





20/51 


+5.50—0.50X20° 





r 


20/47 


+5.00—0.75X 132° 


* Number of letters read; 65 letters equals Snellen equivalent of 20/20. 
tPlus sign indicates posterior subcapsular opacity, and minus, clear. 


Plus sign indicates pigment in all four quadrants, and minus, no pigment or pigment in fewer than four quad- 


rants. 


§Ferris and retinal visual acuities were not available. 


94 Arch Ophthalmol—Vol 109, January 1991 





buffer to eliminate eye movements and 
blink voltages exceeding an adjustable 
minimum of +50 wV for the 0.5-Hz condi- 
tion and +2.5 uV for the 30-Hz condition. 
Under these test conditions, responses to 
0.5-Hz flashes could be detected if their 
amplitudes were greater than or equal to 
1.0 pV and responses to flicker of 30 Hz 
could be detected if their amplitudes were 
greater than or equal to 0.05 pV." Re- 
sponses were quantified with respect to 
peak-to-peak amplitudes for the mixed 
cone-rod responses to 0.5-Hz white flashes 
and the cone-isolated responses to 30-Hz 
white flashes, and with respect to cone b- 
wave implicit times (ie, stimulus onset to 
the major cornea-positive peak of the 30-Hz 
white flashes). 

Retinal acuity was then obtained for each 
eye on a Snellen equivalent number chart 
with the Guyton-Minkowski potential acu- 
ity meter.” Slit-lamp examination was done 
to determine presence or absence of a cen- 
tral posterior subcapsular cataract in each 
eye. Ophthalmoscopic examination was per- 
formed to determine whether cystoid macu- 
lar edema could be seen and whether intra- 
retinal bone spicule pigment was present in 
the periphery in all four quadrants. 

The 12 relatives also completed a ques- 
tionnaire with respect to age at onset of 
night blindness and age at onset of difficulty 
with side or peripheral vision and were then 
evaluated with respect to best-corrected 
Snellen visual acuities, kinetic visual fields 
with a V-4, white test light, applanation 
tensions, final dark-adapted rod psycho- 
physical thresholds, dark-adapted full-field 
ERGs, slit-lamp appearance of the lens, 
presence or absence of cystoid macular ede- 
ma, and presence or absence of intraretinal 
bone spicule pigment in all four quadrants 
around the periphery. Dark-adapted rod 
psychophysical thresholds were measured 
with the Goldmann-Weekers adaptometer 
after 45 minutes of dark adaptation to an 
11° white test light fixated centrally or 7° 
above fixation. Full-field ERGs were elicit- 
ed to single flashes (0.5 Hz) of dim blue light 
(1.2 log foot-lambert; \<470 nm), single 
flashes (0.5 Hz) of white light (3.8 log foot- 
lambert), and 30-Hz white flicker (3.8 log 
foot-lambert) without computer averaging 
for responses greater than 10 V, and with 
computer averaging, as described above, if 
responses were less than 10 pV. 


Statistical Analysis 


The data based on ocular examinations of 
the 148 patients with dominant retinitis 
pigmentosa were coded by one person and 
checked by another; data were then key- 
punched, verified, and stored on magnetic 
tape for data processing. All data were then 
validated for errors and inconsistencies and 
corrected appropriately. 

Comparisons were made between the 
group of 17 unrelated patients with this 
mutation and the group of 131 unrelated 
patients without it. To minimize intraindivi- 
dual variability, all 148 patients were exam- 
ined twice within 6 weeks, and an average 
for each eye across both visits was used for 
each test variable. Since the distributions of 
Snellen distance visual acuities, retinal vi- 
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sual acuities, visual field equivalent circular 
areas, and ERG amplitudes were skewed, 
the data were transformed using the natu- 
ral logarithm scale to approximate better a 
normal distribution for each variable for 
purposes of analysis. Data for continuous 
variables such as best-corrected visual acu- 
ity or spherical refractive error were ana- 
lyzed using t tests for univariate analyses.” 
Discrete variables such as the presence or 
absence of posterior subcapsular cataract in 
both eyes or bone spicule pigment in all four 
quadrants of the fundus periphery in both 
eyes were analyzed with the Yates’ correct- 
ed x’ test for 2x2 tables or Fisher’s Exact 
Test.” Age at onset of night blindness and 
age at onset of difficulty with side vision 
were evaluated by using the log-rank life- 
table method of analysis; patients who were 
not yet night-blind or who had not yet 
reported field loss were treated as censored 
observations with length of follow-up equal 
to their current age.” Multiple logistic re- 
gression analysis was employed using group 
membership, age, and sex as the indepen- 
dent variables, and selected visual mea- 
surements as the dependent variables. This 
allowed assessment of differences between 
the two groups for selected visual variables 
after correcting for age and sex." 

We examined the 12 affected relatives; 
the number of affected relatives was consid- 
ered too small for statistical analysis. Their 
clinical findings are presented to provide 
additional data on the range of ocular ab- 
normalities seen in patients with this muta- 
tion and to show examples of intrafamilial 
clinical heterogeneity. 


RESULTS 


The histories of the 17 patients from 
separate families with dominant retini- 
tis pigmentosa and the C-to-A trans- 
version in codon 23 of the rhodopsin 
gene are summarized in Table 1. There 
was variability in the age at onset of 
night blindness reported by these pa- 
tients. For example, one patient re- 
ported onset of night blindness near 
birth, while another denied any symp- 
toms of night blindness at age 38 
years. Most did not report difficulty 
with side vision until after age 20 
years, but one patient reported onset 
at age 15 years, while another denied 
any loss of side vision at age 45 years. 

Findings on ocular examination for 
the 17 unrelated patients with this 
mutation are described in Table 2. 
These patients showed best-corrected 
Snellen distance visual acuities in the 
range of 20/20 to 20/62, based on an 
average of two measurements ob- 
tained within 6 weeks. Ferris acuities 
were consistent with the Snellen acu- 
ities for each patient. Retinal visual 
acuities on a Snellen equivalent num- 
ber chart were also comparable with 
the distance acuity measurements for 
each patient. Eight (47%) of 17 pa- 
tients had 1.0 or more diopters of 
astigmatism in at least one eye, and 
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Table 3.—Visual Fields and Electroretinograms in Affected Patients 


Visual Field * 


Electroretinogramt 


seo eee 


Patient No./ 


Age, y Eye Area Diameter 


0.5-Hz 
Amplitude, nV 





1/23 12457 126 





12525 126 


30-Hz 
Amplitude, nV 


196.1 46.5 
191.3 37.3 


30-Hz Implicit 
Time, ms 





2/26 1528 44 


6.9 4.1 





1909 49 


6.8 3.8 








3/29 9557 110 


13.4 9.3 





7062 95 


17.7 12.0 








4/29 12520 126 


133.7 59.5 





13517 131 


124.2 65.1 





5/32 8618 105 


68.1 45.7 





9374 109 


68.1 43.2 





6/33 11278 120 


11457 121 


13.5 8.1 
10.7 6.4 








7/33 1720 47 


7.6 3.0 





1459 43 


5.9 1.6 





8/34 1321 41 


3.2 








1173 39 


8.1 2.6 





9/38 3363 65 








8.6 3.1 





Fy e aa e a | ea a or oe | re 


4248 74 





8.1 3.6 





10/38 


D 
te 


5035 80 


9.1 





5979 87 





9.1 3.9 





1656 46 


1.0 





2626 58 


1.4 





7010 94 








7983 





2532 57 








2407 55 





8989 





8029 





135 








145 





11817 





11589 





0 Yaa A A all ot a Drar oO a 


334 





rc 


296 





* Area is the visual field area including peripheral islands in degrees squared to a V-4, white test light. Lower 
limit of normal is 11.399° squared. Diameter is equivalent circular diameter in degrees: 2(area/z)”. 

tNormal limits are 0.5-Hz white light greater than or equal to 350 uV, 30-Hz white flicker greater than or equal 
to 50 uV, and 30-Hz b-wave implicit time less than or equal to 32 ms. 


tElectroretinograms were not available. 


seven patients (41%) showed central 
posterior subcapsular cataracts in both 
eyes. Intraretinal bone spicule pig- 
ment was present in all four quadrants 
of both eyes in 13 patients (76%). Find- 
ings were comparable between eyes of 
a given patient in practically all cases. 
Interfamilial clinical heterogeneity was 
evident, as some older patients report- 
ed better visual acuities than younger 
patients; some older patients had clear 
lenses and absence of bone spicule 
pigment in all four quadrants, while 
younger patients had central posterior 
subcapsular cataracts and extensive 
intraretinal pigment. 

Visual field areas to a V-4, white test 
light and ERG amplitudes and implicit 
times for the 17 patients with this 
mutation are presented in Table 3. 
Visual field areas, expressed as equiv- 
alent circular areas or diameters, 


ranged from normal in four patients 
(ie, =11 399° squared or =120° equiva- 
lent circular diameter) to very con- 
stricted in two patients (<334° squared 
or <21° diameter). Visual field areas 
were comparable between eyes of each 
patient. Some older patients retained 
larger visual field areas than younger 
patients. Electroretinographic ampli- 
tudes were abnormal to 0.5-Hz white 
light in all cases and 30-Hz white flick- 
er in most cases; for the most part, 
ERG amplitudes were comparable be- 
tween eyes. Older patients in some 
instances showed larger amplitudes 
than younger patients. Cone ERG b- 
wave implicit times were delayed in 
practically all cases. 

Mean values for Snellen acuity, Fer- 
ris acuity, retinal acuity, spherical and 
cylindric refractive errors, applanation 
tensions, visual field areas, and ERG 
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Table 4.—Comparison of Patients with (Group 1) and Without (Group 2) the 
Cytosine-to-Adenine Transversion in Codon 23 of the Rhodopsin Gene * 


Variable 
Snellen VA 


Ferris VA 


Retinal VA 


SRE 


Group 1 

+0.28 + 0.30 
(20/26)+¢ (17)§ 
+54.30 + 7.98 

(16) 
+0.29 + 0.33 
(20/27) (16) 
—0.28 + 2.40 

(17) 


Group 2 





+0.58 + 0.55 
(20/36) (131)§ 
+47.44 + 9.11 
(131) 
+0.52 + 0.41 
(20/34)+ (130) 


Corrected 








+0.18 + 3.69 
(131) 





CRE 


TA, mm Hg 


—0.77 + 0.74 
(17) 


—1.21 + 0.99 
(131) 





12.37 + 2.52 
(17) 





VF area, degrees 
squared 
0.5-Hz 
ERG, uV 


+8.15 + 1.33 
(3463)+ (17) 


11.88 + 1.98 
(131) 
+7.91 + 1.33 
(2719) (131) 








+2.67 + 1.44 
(14.4) (17) 


+1.59 + 1.25 
(4.9) (128) 





+1.70 + 1.79 
(5.5)¢ (17) 
+40.47 + 4.22 
(17) 


+0.44 + 1.48 
(1.5)¢ (131) 





42.27 + 4.46 
(131) 





amplitudes and implicit times for the 
patients with this mutation (group 1) 
vs the patients without this mutation 
(group 2) are presented in Table 4. The 
mean age (+SD) of patients in group 1 
(n=17) was 36.6+7.7 years, and of 
patients in group 2 (n=131) was 
32.1+8.3 years (P=.043). Although 
patients in group 1 were older on aver- 
age, they retained significantly better 
distance and retinal acuities. Mean 
spherical and cylindric refractive er- 
rors and mean applanation tensions 
were not significantly different be- 
tween the two groups. Mean visual 
field area was slightly larger in group 1 
(8463° squared or 66° equivalent circu- 
lar diameter) than in group 2 (2719° 
squared or 59° equivalent circular di- 
ameter), but the groups were not sig- 
nificantly different from each other. 
Electroretinographic amplitudes, both 


*VA indicates visual acuity; SRE, spherical refractive error; CRE, cylindric refractive error; TA, tensions by to 0.5-Hz white light and 30-Hz white 
applanation, VF, visual field; ERG, electroretinogram; and NS, not significant. flicker, were on average about three 


+P corrected for age and sex based on multiple logistic regression analysis. times larger in group 1 than in group 2, 
Mean + SD for this variable is presented in the natural logarithm scale. Geometric mean, calculated as the while cone b-wave implicit times to 30- 
i i i is. Elect tinographic responses te 0.5 Hz that were . e ae, te 

antilog of the natural log mean X20, is shown in parenthesis. Electroretinographi p Hz white flicker were not signi heen tly 


nondetectable (ie, <1.0 uV) were set to 1 uV for purposes of analysis. 5 
§Numbers in parentheses designate numbers of patients for whom measurements were available. different between the two groups. Sex 

ratios between groups 1 (41% men and 

Fig 3.—Four families, indicated by 5850, 1566, 5375, and 5767, with autosomal dominant 59% women) and 2 (54% men and 46% 

retinitis pigmentosa with a cytosine-to-adenine transversion in codon 23 of the rhodopsin gene. women) also were not significantly dif- 

Solid symbols indicate affected individuals; open symbols, unaffected individuals; and slashed ferent from each other. 

symbols, deceased. Oblique arrows indicate patients 17, 4, 1, and 16 designated by molecular A life-table analysis comparing the 

genetic numbers AD160, AD133, AD87 and AD126, respectively, in Fig 2. All affected relatives two groups with respect to age at 

from these four families for whom ocular examinations, electroretinograms, and molecular onset of maht bliidiek Jae dugtary 

genetic analyses were available are included in Tables 5 through 7. a & : ey ers 
showed that the median age at onset of 


night blindness was 14 years for group 
1 and 13 years for group 2 (differences 
were not significant by log-rank test). 
In contrast, a life-table analysis re- 
vealed a significant difference between 
the two groups with respect to age at 
onset of difficulty with side vision by 
history; the median age at onset of 
difficulty with side vision was 26 years 
for group 1 and 21 years for group 2 
(P=.037 by log-rank test). 

Central posterior subcapsular cata- 
racts in both eyes were present in 
seven (41%) of 17 patients in group 1 
and 72 (58%) of 125 patients in group 2. 
Intraretinal bone spicule pigment was 
present in all four quadrants of both 
eyes in 13 (76%) of 17 patients in group 
1 and 106 (81%) of 131 patients in 
group 2. Cystoid macular edema was 
seen in both eyes in two (12%) of 17 
patients in group 1 and 14 (11%) of 131 
patients in group 2. Differences for 
these three variables between groups 
1 and 2 were not statistically signi- 
ficant. 

Findings from 12 affected relatives 
from four families (Fig 3) are summa- 
rized in Tables 5 through 7. A wide 
range of ages at onset of night blind- 
ness and field loss were reported (Ta- 
ble 5 and Table 1). For example, in 


E 
1 
i 42 | 43 | 14 |15 | 16 
B 
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Patient No./ 
Sex Age, y Pedigree* 


Age at Onset of 
Difficulty With 
Side Vision, y 


Age at Onset of 
Night Blindness, y 








18/F/24 Ill-3 
19/F/25 


Nonet 





20/F/29 





21/F/50 
22/F/25 
23/M/37 




















24/M/63 








25/M/28 





26/F/48 
27/M/53 














28/M/54 





29/F/73 


* Relative position in pedigree for each family in Fig 3. 





+Patient had not yet experienced symptom at the time of visit. 


+Onset of symptom near birth. 


Patient No./ 
Age, y 
18/24 


Family No. Eye 
5850 





20/20 
20/20 


Snellen 
Visual Acuity 


Refractive 
Error 
+0.25 
+0.25 


Lens* Pigmentt 











19/25 5850 20/20 
20/20 


20/20 





5850 


Plano 





Plano 
+0.25 





20/20 


5850 20/20 


+0.25 
+0.50 








20/20 


+0.50 





1566 20/20 


—1.50 





20/20 


—1.00 





1566 20/20 


+0.50 





20/20 


+0.50 





1566 20/20 


20/40 


+12.00 


+0.75 





5375 20/30 


—0.25—1.50X 180° 





20/20 


iJ+]+]+] 


+0.25—1.25X20° 





5375 20/25 


+0.50 





20/20 


+0.50 





5375 


20/25 


+0.50 —1.25 X30° 





20/30 
20/400 


Plano —1.50 X160° 
+3.75 —2.25 X18° 








20/400 
20/80 





+4.25 —1.25 X5° 
+1.25 —2.25 X25° 


+|+|+|+|+]1ı 





20/80 





—0.25 —2.00 X180° 


+ 


* Plus sign indicates central posterior subcapsular cataract; minus, clear lens; and A, surgical aphakia. 
tPlus sign indicates pigment in all four quadrants, and minus, no pigment or pigment in fewer than four quad- 


rants. 


family 5850, four affected members of 
ages 24, 25, 29, and 50 years denied 
night blindness, while their relative 
(patient 17) reported night blindness at 
age 4 years (Table 1). In family 5767, 
patient 28 had not noticed loss of side 
vision at age 54 years, while patient 29 
noticed loss of side vision at age 40 
years. Visual acuities ranged from 
20/400 in patient 28, aged 54 years, to 
20/80 in patient 29, aged 73 years 
(Table 6). Some family members had 
bone spicule pigment in all four quad- 
rants of both eyes and some did not. 
Older relatives without pigment and 
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younger relatives with pigment were 
observed in families 5850 and 5375 
(Table 6). 

Final dark-adaptation thresholds, vi- 
sual field areas, and ERG amplitudes 
for the 12 relatives are presented in 
Table 7. The relatives in family 5850 
had a minimal (ie, 0.3 to 0.7 log unit) 
elevation of final dark-adapted rod 
threshold consistent with their denial 
of any history of night blindness. Field 
areas ranged from normal in seven 
patients to very reduced in two (<296° 
squared or <20° diameter). Intrafami- 
lial variability was seen; for example, 


in family 5375, patient 26, aged 48 
years, retained more field area than 
patient 25, aged 28 years (Table 7). 
Electroretinographic amplitudes for all 
patients were reduced to 0.5-Hz white 
light and for most patients to 30-Hz 
white flicker. Amplitudes varied wide- 
ly, with older relatives, in some cases, 
retaining larger amplitudes than youn- 
ger ones. Cone implicit times to 30-Hz 
flicker varied from normal to substan- 
tially delayed (Table 7). 

Intrafamilial variability can also be 
seen in the ERG responses in family 
5850 (Fig 4). Full-field ERG responses 
are illustrated from a normal member 
without this mutation (aged 28 years) 
and from five clinically affected rela- 
tives with this mutation. The normal 
member had a normal ocular examina- 
tion result and showed normal ERGs. 
The three younger affected patients 
had either nondetectable or reduced 
and delayed rod responses to dim blue 
light (left column). They showed an 
abnormal splitting of the mixed cone 
and rod responses to white light (mid- 
dle column) into an early cone-domi- 
nated peak, and a delayed rod-domi- 
nated peak of reduced amplitude 
(oblique arrows) that occurred as a 
consequence of relatively normal cone 
peak response times but substantially 
delayed rod peak response times. 
Their cone responses to 30-Hz flicker 
(right column) were either normal in 
amplitude with normal b-wave implicit 
times, as seen in two patients aged 24 
years and 25 years, or slightly reduced 
in amplitude with borderline delayed 
b-wave implicit times, as seen in an- 
other patient aged 29 years. In a more 
advanced stage of disease, loss of cone 
and rod function occurred as seen in 
the profoundly reduced responses to 
all three stimulus conditions for pa- 
tient 17, tested at age 48 years. Intra- 
familial variability is illustrated as the 
50-year-old patient retained responses 
to 0.5-Hz white light and to 30-Hz 
white flicker that were larger than 
those of her sister tested at age 48 
years. 

Representative fundus photographs 
from four patients are shown in Fig 5 
to illustrate the variability that existed 
with respect to the amount of visible 
bone spicule pigment in patients with 
this mutation. Patient 6 (fundus photo- 
graph A), aged 33 years, had substan- 
tially more bone spicule pigment than 
patient 16 (fundus photograph B), aged 
45 years. Patient 26 (fundus photo- 
graph C), aged 48 years, and her 
brother, patient 27 (fundus photograph 
D), aged 53 years, also showed differ- 
ences in the appearance of their fundi; 
review of records indicated that one 
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Table 7.—Dark Adaptation, Visual Fields, and Electroretinograms 
(ERGs) in Affected Relatives 



































































































ERG} 
a 
30-Hz 
Patient Visual Fieldt 0.5-Hz 30-Hz Implicit 
No./ Family —=——"—~  .Amplitide, Amplitude, Time, 
Age, y No. DA* Area Diameter uv uv ms 
18/24 5850 0.3 12429 126 176.0 59.0 31 
0.3 13158 129 147.0 65.0 31 
5850 0.7 11466 122 317.6 94.1 30 
0.7 10944 118 323.0 82.4 30 
20/29 5850 0.3 13874 133 147.0 76.0 37 
0.3 12690 127 147.0 71.0 37 
21/50 5850 0.3 13260 130 212.0 53.0 31 
0.3 11937 123 164.0 47.0 31 
22/25 1566 NA 12498 126 NA NA NA 
0.5 12666 127 235.0 64.0 27 
23/37 1566 0.5 11267 120 300.0 60.0 30 
0.5 11565 121 300.0 60.0 30 
24/63 1566 2.5 108 12 2.4 0.7 37 


















2.5 105 2.4 0.4 37 





































































5375 NA 9769 112 16.0 47 48 

NA 10425 115 22.0 7.9 46 

5375 NA 14976 138 41.0 19.0 41 

1.2 _ 15179 139 45.0 15.0 43 

27/53 5375 1.9 2607 58 8.9 5.9 45 
NA 4217 73 16.0 6.7 45 

28/54 5767 3.9 4242 73 4.5 1.6 43 
3.9 3203 64 4.5 1.3 43 

29/73 5767 2.9 221 17 3.0 0.3 40 























miaran iae a me amale Dar alr alra riora 
© 


2.9 294 


adaptation, and NA, data not available. 





19 4.0 0.3 42 





*Final threshold after 45 minutes of dark adaptation expressed as log units above normal. DA indicates dark 


tArea is the visual field area including peripheral islands in degrees squared to a V-4, white test light. Lower 
limit of normal is 11 399° squared. Diameter is equivalent circular diameter in degrees: 2(area/7)”. 

Normal limits are 0.5-Hz white light greater than or equal to 350 uV, 30-Hz white flicker greater than or equal 
to 50-uV, and 30 Hz b-wave implicit time less than or equal to 32 ms. 


sibling had pigment and one did not 
have pigment even when these siblings 
were evaluated at the same age. Com- 
parison between patients 26 and 6 also 
showed that an older patient from one 
family can have less bone spicule pig- 
ment than a younger patient from an- 
other family. 


COMMENT 


The present results show that 17 
unrelated patients with autosomal 
dominant retinitis pigmentosa with a 
C-to-A transversion in codon 23 of the 
rhodopsin gene (corresponding to a 
substitution of histidine for proline in 
amino acid 23 of rhodopsin and desig- 
nated as rhodopsin, Pro-23-His) have, 
on average, significantly better visual 
function as monitored by visual acuity 
and ERG amplitude than 131 unrelated 
patients with autosomal dominant reti- 
nitis pigmentosa without this muta- 
tion. Although interfamilial variability 
exists, patients with this mutation re- 
tained, on average, seven letters more 
on the Ferris charts and ERG respons- 
es two to three times larger than those 
without this mutation. These differ- 
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ences were observed even though the 
patients with this mutation were on 
average 5 years older than those with- 
out this mutation. These data, based 
on findings at initial visits, raise two 
possible explanations for the apparent 
disparity between these two groups 
with respect to loss of function. The 
first is that the time at onset of degen- 
eration was later, on average, in the 
group with this mutation than in the 
group without it and that both groups 
had a similar rate of degeneration; the 
second possibility is that the rate of 
degeneration was slower, on average, 
in the group with this mutation than in 
the group without it. A prospective 
longitudinal study of subsets of pa- 
tients with or without this mutation 
would help to explain this disparity. 

A previous prospective study of the 
natural course of retinitis pigmentosa 
indicated that patients last, en aver- 
age, 16% of remaining full-fidd ERG 
amplitude per year to a 0.5-Hz white 
light stimulus.” Based on this expo- 
nential rate of decline, an average pa- 
tient with this mutation, who had an 
initial ERG amplitude of 14.4 wV (Ta- 


ble 4), would be expected to take 33 
years to reach 0.05 uV (ie, virtual 
blindness), while those without this 
mutation with an initial ERG ampli- 
tude of 4.9 uV (Table 4) would be 
expected to take 27 years to reach 0.05 
aV. Since the average ages of patients 
with this mutation and without this 
mutation were 37 years and 32 years, 
respectively, it can be estimated that 
patients in the group with this muta- 
tion would retain vision, on average, to 
about age 70 years (ie, 33 plus 37); 
those without this mutation would re- 
tain vision to about age 59 years (ie, 27 
plus 32). If the rate of decline in retinal 
function is slower in patients with this 
mutation compared with those without 
it, then the differences between these 
groups could be even larger. A long- 
term prospective longitudinal study 
would also help to confirm this 
prediction. 

The wide range of time of onset of 
night blindness by history in the pa- 
tients with this mutation seems to 
preclude subtyping dominant retinitis 
pigmentosa into a type with early- 
onset night blindness (ie, type 1) and a 
type with late-onset night blindness 
(ie, type 2), as suggested previous- 
ly.°" Similarly, some patients showed 
normal cone ERG b-wave implicit 
times, while others were delayed, sug- 
gesting that families cannot be sepa- 
rated by this criterion into a dominant 
form with complete penetrance and a 
dominant form with reduced pene- 
trance." Patients with rhodopsin, 
Pro-23-His had delayed rod b-wave 
implicit times and elevated final rod 
threshold to an 11° white test light, 
and therefore should be distinguished 
from previously described patients 
with sector retinitis pigmentosa who 
had normal rod b-wave implicit times 
and normal rod thresholds in some 
areas under these test conditions. ®” 
The results from molecular genetic 
studies” confirm previous clinical im- 
pressions™™” that more than one type of 
dominant disease exists, but the wide 
range of clinical findings in the patients 
with this mutation suggests that vari- 
ables of the ocular examination de- 
scribed in the present study cannot be 
used precisely to determine whether a 
given patient has this mutation. It is 
likely that the 131 patients without 
this mutation will be subdivided when 
other specific gene defects are discov- 
ered. Given the predominant loss of 
rod function in these patients, it could 
be anticipated that other mutations in 
genes encoding for rod-specific pro- 
teins will be found in some of these 
patients. Clinical comparisons between 
subgroups will be of interest as addi- 
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Fig 4.—Full-field ERGs from an unaffected patient and five affected relatives in family 5850 with 
autosomal dominant retinitis pigmentosa. Stimulus onset is indicated by the vertical hatched 
lines for the left and middle columns and vertical lines for the right column. Two or three 
consecutive sweeps are superimposed. Oblique arrows in the middle column designate de- 
layed rod-dominated peaks. Horizontal arrows in the left column designate rod b-wave implicit 
times, and in the right column, cone b-wave implicit times, ie, interval between stimulus flash and 
corresponding cornea-positive peaks. Calibration symbol (lower right) designates 50 millisec- 


onds horizontally and 100 uV vertically. 


tional etiologic mutations are found. 
Since the proline at position 23 is 
invariate among normal vertebrate op- 
sins,’ it would be expected that this 
highly conserved amino acid, if altered 
radically, as in the substitution of a 
charged amino acid histidine for a non- 
polar hydrophobic proline in the ami- 
no-terminus, would lead to a dysfunc- 
tional or absent rhodopsin molecule 
within the rod outer segment mem- 
brane.” The ocular findings in these 
patients are consistent with this idea, 
as a predominant loss of rod function is 
typically seen in the ERGs of patients 
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with early stages of this form of retini- 
tis pigmentosa.~ Rod responses are 
not only reduced in amplitude but are 
also delayed in implicit time, a phe- 
nomenon that can be simulated in nor- 
mal subjects by interposing a neutral 
density filter between the stimulus 
flash and the eye (ie, simulation in 
normal subjects of reduced amount of 
visual pigment).~*! The reduced and 
delayed rod ERGs in the patients are 
therefore compatible with a reduction 
in the amount of rhodopsin and/or a 
dysfunctional rhodopsin in remaining 
rods in the early stages.” 





Fig 5.—Representative fundus photographs 
from four patients with autosomal dominant 
retinitis pigmentosa with a cytosine-to-ade- 
nine transversion in codon 23 of the rhodop- 
sin gene to show variability with respect to the 
extent of intraretinal bone spicule pigmenta- 
tion among patients with the same gene de- 
fect. 
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Fig 6.—Schematic representation of normal human rod photoreceptor and steps in delivery of 


opsin to the outer segment (see text). 


The target cell for this mutation is 
the rod photoreceptor, schematically 
represented in Fig 6. Opsin molecules 
are normally synthesized and glycosy- 
lated in the rough endoplasmic reticu- 
lum (A), further modified in the Golgi 
complex (B), and transported across 
the inner segment in post-Golgi vesi- 
cles (C) toward the base of the outer 
segment. Opsin combines with vitamin 
A (ie, 11-cis-retinal) at the base of the 
outer segment, and probably in the 
inner segment as well, to form rhodop- 
sin. New disks containing rhodopsin 
are produced at the base of the outer 
segment by evagination of the plasma 
membrane of the distal connecting cili- 
um (D), and old disks are phagocytized 
by the pigment epithelium at the apex, 
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so that approximately 10% of the outer 
segment of a rod is normally renewed 
each day.” Since the patients we 
have described with these rhodopsin 
mutations are heterozygotes, it is pos- 
sible that their rod photoreceptors pro- 
duce normal and abnormal molecules of 
rhodopsin in a 50:50 ratio. The abnor- 
mal molecules of rhodopsin, if synthe- 
sized, are perhaps abnormally degrad- 
ed in the inner segment; or if they 
reach the outer segment, these abnor- 
mal molecules possibly interfere with 
outer segment function. The amino 
terminus of rhodopsin faces the intra- 
discal lumen for those moleeules of 
rhodopsin in the outer segment mem- 
brane”™; an abnormality in this amino 
terminus could possibly modify trans- 


port of this end of the molecule across 
disk membranes. The amino terminus 
of rhodopsin faces the extracellular 
space for those molecules of rhodopsin 
in the plasma membrane; an abnormal- 
ity in the amino terminus could, there- 
fore, possibly affect rod photoreceptor- 
pigment epithelial cell interactions. 
Since proline sites have been consid- 
ered important in defining the shape of 
rhodopsin,” an abnormal bending of 
the amino terminus as a consequence 
of a substitution of histidine for proline 
could lead to a conformational change 
in rhodopsin with a deleterious effect 
on rod function and viability. 

Abnormal rod ERG diurnal rhythms 
have been previously reported in light- 
entrained young adult patients from 
family 1566 with dominant retinitis 
pigmentosa with this mutation; these 
patients had abnormal reductions in 
rod ERG sensitivity 1.5 and 8 hours 
after light onset.” The abnormal re- 
duction in rod sensitivity raised the 
possibility that these patients lost ab- 
normally large fractions of rod outer 
segments and that rods were slow to 
renew outer segment lengths to their 
values before light onset. These abnor- 
mal rod ERG diurnal rhythms are con- 
sistent with an abnormality in rod re- 
newal that could occur as a result of 
this gene defect. The gene defect can 
ultimately result in a complete loss of 
rods, as autopsy eyes from a patient 
aged 68 years from this family (ie, 
patient I-2 in family 1566 in Fig 3) 
showed complete loss of rods and a few 
remaining foveal cones with shortened 
and disorganized outer segments.” 
The precise mechanism by which a 
mutation in a gene thought to be ex- 
pressed exclusively in rods can lead to 
widespread degeneration of both rods 
and cones in these patients remains to 
be defined. 

All patients studied so far with this 
mutation in their leukocyte DNA have 
shown evidence of retinitis pigmentosa 
based on ocular examination and ERG, 
and no unaffected individual has shown 
this mutation’; this supports the idea 
that the diagnosis of this form of retini- 
tis pigmentosa can be made from a 
sample of peripheral blood. In view of 
the clinical heterogeneity that exists 
among those with this mutation, pa- 
tients identified by molecular genetic 
analysis should undergo an ocular ex- 
amination and ERG to determine the 
stage of their condition. Since some 
patients with this mutation are asymp- 
tomatic in adulthood and have mini- 
mal, if any, bone spicule pigment, 
asymptomatic relatives of patients 
with this mutation should have their 
leukocyte DNA evaluated for this mu- 


Retinitis Pigmentosa—Berson et al 


tation, or have their ERG measured, 
before concluding that they do not 
have this disease. Leukocyte DNA 
analysis should be considered not only 
for families with a dominant mode of 
transmission over three consecutive 
generations but also for families with 
transmission over two generations or 
for isolated cases with presumably nor- 
mal parents, as some may have this 
mutation, thereby establishing that 
the mode of inheritance is autosomal 
dominant. Patients identified with this 
mutation would know that they have a 
50% chance of having an affected child 
with each childbirth. 

Knowledge of the precise gene de- 
fect in a form of dominant retinitis 
pigmentosa provides new opportuni- 
ties to understand the pathogenesis of 
the disease and seek means to modify 
its course. It may be possible to inject 
mutant gene constructs into mouse 
eggs and create transgenic mice carry- 
ing the precise defect found in human 
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patients.*’ These mice in turn could 
be studied to define the pathogenesis 
and search for treatments. Mutant 
rhodopsin molecules can be synthe- 
sized in the laboratory® and their ex- 
pression studied in a variety of in vitro 
systems.” An antibody produced to 
the mutant rhodopsin could be applied 
to autopsy eyes from patients with this 
mutation to determine the amount and 
distribution of mutant rhodopsin in re- 
maining rod photoreceptors to help 
clarify pathogenesis. Light depriva- 
tion" and light stress” could be stud- 
ied, as they may affect photoreceptors 
with this mutant rhodopsin. 

The wide range of clinical findings 
described in the present report for the 
17 affected patients and their 12 rela- 
tives, with older patients sometimes 
having less advanced disease than 
younger patients, shows that clinical 
heterogeneity can exist in patients 
with retinitis pigmentosa with the 
same point mutation in the rhodopsin 
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gene. This wide range of findings sug- 
gests that some factor(s) other than 
the defect in the gene itself is involved 
in the expression of this disease. As 
more patients with this rhodopsin gene 
defect are identified, risk factor ana- 
lyses could be performed on patients 
with varying severity of disease in 
search of aggravating or ameliorating 
factors, with possible implications for 
therapy. 
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Aspergillus terreus Endophthalmitis in a 


Patient With Chronic Lymphocytic Leukemia 


Paul H. Kalina, MD, R. Jean Campbell, MB, ChB 


e A 65-year-old woman with a 7-year 
history of chronic lymphocytic leukemia 
presented with acute visual loss, pain, 
and redness in her right eye. Results of 
stains and cultures of anterior chamber 
fluid were negative. Neurologic prob- 
lems, bronchopulmonary pneumonia, re- 
current skin lesions, and a low-grade 
fever developed. Progressive respiratory 
distress ensued, and the patient died 1 
month after presentation. Cultures from 
antemortem sputum and skin samples 
were positive for Aspergillus terreus. 
Postmortem histologic results showed 
extensive A terreus invasion of the poste- 
rior vitreous, retina, choroid, and anterior 
optic nerve. This organism was also 
found in histologic sections from the 
right adrenal gland, left kidney, thyroid, 
urinary bladder, right lung, skin, esopha- 
gus, sputum, vessels of the myocardium, 
and brain. To our knowledge, A terreus 
endophthalmitis has not been reported 
previously. 

(Arch Ophthalmol. 1991:109:102-103) 


Aspergillus endophthalmitis has 

been reported in immunosup- 
pressed patients™ and intravenous 
drug users. This organism is found in 
soil and decaying plant matter, and the 
species most frequently associated 
with disease are Aspergillus flavus 
and Aspergillus fumigatus.’ We de- 
scribe a unique case of fungal en- 
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dophthalmitis caused by Aspergillus 
terreus in a patient with chronic lym- 
phocytic leukemia. To our knowledge, 
this is the first reported case of en- 
dophthalmitis caused by this fungus. 


REPORT OF A CASE 


A 65-year-old white woman had a 7-year 
history of chronic lymphocytic leukemia. On 
February 3, 1989, she presented to her 
physician with the acute onset of discom- 
fort, redness, and blurred vision of the 
right eye. Gentamicin eye drops were pre- 
scribed. During the next 3 days, her vision 
worsened and eye redness and discomfort 
increased. She presented to an ophthalmol- 
ogist and was hospitalized for investigation 
of a fever of unknown origin and the associ- 
ated eye problems. The visual acuity was 
light perception in the right eye and 20/25 — 
OS. Examination of the right eye showed 
marked conjunctival erythema accompanied 
by minimal lid swelling. Extraocular move- 
ments were normal. The pupil was 3 mm 
and fixed. Slit-lamp examination showed a 
turbid exudate with stringy, white lines and 
small, globular densities in the anterior 
chamber. Posterior pole visualization was 
poor. Results of examination of the left eye 
were normal, except for a few intraretinal 
hemorrhages consistent with a leukemic 
process. 

Fluid from an anterior chamber tap per- 
formed on February 6 contained many lym- 
phocytes, but results from special stains 
and cultures, including those for fungi, 
were negative. Periocular injections of 40 
mg of gentamicin sulfate (Garamycin) and 
100 mg of cefazolin sodium were adminis- 
tered after the tap. 

Results of blood cultures were negative. 
A chest roentgenogram was suggestive of 
either a right lung infiltrate or right hilar 
adenopathy. Sinus roentgenograms were 
normal. A sputum sample culture was posi- 
tive for Aspergillus of an undetermined 
type. Bronchoscopy was recommended, but 


the patient left before this could be per- 
formed. A bone scan showed localized up- 
take in the proximal left humerus that was 
of unknown significance. 

Treatment following paracentesis includ- 
ed administration of topical gentamicin, at- 
ropine sulfate, and systemic intravenous 
antibiotics. The anterior chamber material 
dissolved dramatically after administration 
of topical steroids. 

On February 12, the patient was referred 
to our institution for assessment of her 
chronic lymphocytic leukemia and en- 
dophthalmitis; the latter was presumed to 
be of a sterile inflammatory nature. 

Our findings concurred with those of the 
previous examination. The right anterior 
chamber contained a few lymphocytes. 
Through a dense, confluent vitreous infil- 
trate, only the superior portion of the retina 
and a few nonspecific intraretinal hemor- 
rhages were visible. Other than a few 
Roth’s spots, the left eye was normal. B- 
scan ultrasonography showed a flat retina. 
Diagnostic vitrectomy was suggested for 
identification of the organism but was de- 
clined because of more urgent problems 
related to the patient’s leukemia. A lumbar 
puncture showed clear fluid that, on later 
testing, was shown to contain 97% lympho- 
cytes, 2% monocytes, 1% neutrophils, and 
no blast cells or malignant cells. The total 
protein value was 0.38 g/L (normal, 0.14 to 
0.45 g/L) and the glucose value was 3.7 
mmol/L (normal, 2.8 to 4.2 mmol/L). Re- 
sults of cultures and stains for bacteria, 
fungi, viruses, and mycobacteria were neg- 
ative. Immunoelectrophoresis for Strepto- 
coccus pneumoniae, Haemophilus, and 
Neisseria meningitidis was also negative. 
The patient received intrathecal methotrex- 
ate sodium, a course of cyclophosphamide 
(Cytoxan), doxorubicin hydrochloride 
(Adriamycin), and prednisone hydrochlo- 
ride, and 6 Gy of external-beam radiation 
to the right globe. Treatment with topical 
1% prednisolone acetate (Pred Forte) and 
1% atropine was continued to the right eye. 
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Fig 1.—Horizontal section of the right eye, showing thick, grayish 
white, gelatinous exudate at the posterior pole. 


The low-grade fever persisted, and multi- 
ple recurrent skin lesions consistent with 
Osler’s nodes appeared 8 days after admis- 
sion. Skin cultures later yielded A terreus. 
Again, vitrectomy was declined. Blood and 
‚cerebrospinal fluid cultures remained nega- 
tive. Progressive respiratory distress en- 
sued. On February 28, 1989, a bronchoal- 
veolar lavage was performed; A terreus was 
cultured from this material. Ten milligrams 
of amphotericin B was administered intra- 
venously after the lavage, but the patient's 
condition deteriorated. Same-day therapeu- 
tic bronchoscopy showed a complete ob- 
struction of the right middle lobe bronchus 
secondary to a large blood clot. The patient 
died of respiratory distress on March 2, 
1989. 


PATHOLOGIC DESCRIPTION 


A complete autopsy was performed, and 
all tissues were fixed in 10% formaldehyde 
solution. 

The right eye showed a thick, grayish 
white exudate in the posterior pole that 
appeared gelatinous. Multiple retinal hem- 
orrhages also were present (Fig 1). The left 
eye showed only a few scattered Roth's 
spots anteriorly. 

Sections from the right eye examined 
microscopically showed extensive septate 
hyphae within the vitreous, retina, and 
choroid and extensive hyphal vascular in- 
volvement. The inflammatory reaction was 
minimal in the stroma, but the retinal and 
choroidal vessels contained many lympho- 
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cytes. The posterior retina showed partial 
focal necrosis. The central retinal vein of 
the optic nerve showed occlusion by fungal 
elements (Fig 2). 

No fungal elements were seen in the left 
eye. The nerve fiber and outer plexiform 
layers contained focal hemorrhages. Mature 
lymphocytes were prominent in many cho- 
roidal vessels. 

Postmortem histologic examination 
showed septate fungal elements in the right 
adrenal gland, left kidney, thyroid, urinary 
bladder, right lung, skin, esophagus, spu- 
tum, brain, and vessels of the myocardium. 

COMMENT 


Fungal endophthalmitis is uncom- 
mon. In most cases, Candida is the 
causal organism.” However, in 
immunosuppressed patients and intra- 
venous drug users, the causative or- 
ganism may be an Aspergillus spe- 
cies.” In intravenous drug users, 
Aspergillus endophthalmitis may oc- 
cur without extraocular infection. Al- 
though Aspergillus organisms are 
ubiquitous in soil, they only rarely 
infect humans, and in most cases the 
fungus manifests as a lung disease. 
The species involved is usually A fumi- 
gatus or A flavus. 

Aspergillus terreus often is consid- 
ered a laboratory contaminant. Re- 
cently, A terreus was reported to have 
caused allergic bronchopulmonary as- 
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Fig 2.—Occlusion of the central retinal vein of the optic nerve by 
septate hyphae (silver methenamine, original magnification x 160). 


pergillosis and invasive pulmonary as- 
pergillosis. The fungus previously has 
been reported as causal in pneumonia, 
endocarditis, skin abscesses, osteomy- 
elitis, and meningitis.”° 

Aspergillus terreus is a rapidly 
growing mold with velvety colonies 
that appear cinnamon or orange- 
brown.” The conidiophores are smooth- 
walled and colorless and terminate in a 
hemispherical vesicle. Morphological- 
ly, this fungus species is recognized in 
culture and tissue sections by the pres- 
ence of lateral conidia.” It is these 
lateral conidia that are unique to the A 
terreus-flavipes group. 

In this case, fungal endophthalmitis 
was caused by A terreus, which also 
was present in multiple body organ 
systems. The diagnosis was estab- 
lished by antemortem lung and skin 
cultures that were positive for A ter- 
reus. No eye cultures were done. To 
the best of our knowledge, this is the 
first report of endophthalmitis caused 
by this organism. In view of the rapid- 
ly increasing number of immunosup- 
pressed patients and intravenous drug 
users, we believe that A terreus should 
be taken seriously as an ocular patho- 
gen, especially in these two patient 
subgroups. It should not be disregard- 
ed as a contaminant. 
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e We conducted a population-based 
incidence study in five New England 
states to quantify the risk of ulcerative 
keratitis associated with contact lens use 
among aphakic persons. All practicing 
ophthalmologists in the five-state area 
were surveyed to identify prospectively 
all new cases of ulcerative keratitis dur- 
ing a 4-month period. The number of 
aphakic persons using specific types of 
contact lenses was estimated through a 
telephone survey of 4178 households 
identified by random digit dialing. The 
annualized incidence of ulcerative kerati- 
tis among aphakic persons using contact 
lenses was estimated to be 52 cases per 
10000 aphakic contact lens wearers 
(95% confidence interval (Cl), 31.1 to 
86.9). The risk of ulcerative keratitis var- 
ied substantially by lens use, with ex- 
tended wear having an estimated seven- 
fold greater risk relative to daily wear 
(95% Cl, 1.6 to 30.2). Rates of ulcerative 
keratitis in aphakic persons using con- 
tact lenses were much greater than rates 
among cosmetic wearers of the same 
lens type: for daily-wear lenses, aphakic 
persons were estimated to have 6.3 times 
the risk of cosmetic wearers (95% Cl, 1.9 
to 21.0), and for extended-wear lenses, 
aphakic persons were estimated to have 
8.7 times the risk of cosmetic wearers 
(95% Cl, 3.5 to 21.9). These risks are 
useful in assessing the benefits and 
risks of contact lens wear as an alterna- 
tive to other methods of aphakic 
correction. 

(Arch Ophthalmol. 1991;109:104-107) 
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Thre Food and Drug Administration 

(FDA) has estimated that 97% of 
contact lens wearers use lenses for 
cosmetic reasons.’ However, among 
the relatively few individuals wearing 
lenses for aphakic correction, a sub- 
stantial number of lens-related compli- 
cations continue to occur. 

Previous descriptions of rates of ul- 
cerative keratitis among aphakic con- 
tact lens wearers have been based on 
the experience of a few practitioners.” 
Patient selection, careful follow-up, 
and lens care instructions may have 
affected the observed numbers of spe- 
cific complications. We eonducted a 
prospective study with two compo- 
nents: identification of all cases of ul- 
cerative keratitis associated with con- 
tact lens use within a defined 
population during a specified period, 
and determination of the distribution 
of contact lens use by type in this 
population. An earlier publication de- 
scribed the incidence of uleerative ker- 
atitis for cosmetic contact lens wear.” 
In this report, we present estimates of 
the incidence of ulcerative keratitis 
among aphakic persons and compare 
rates with the incidence among cos- 
metic users of soft daily-wear and ex- 
tended-wear lenses. Rates of complica- 
tions among aphakic persons are of 
value for weighing the risks and bene- 
fits of secondary intraocular lens im- 
plantation” against the inconvenience 
and potential complications associated 
with continued use of contact lenses. 


SUBJECTS AND METHODS 


The population for this study consisted of 
residents of the five-state area of Maine, 
Massachusetts (excluding Berkshire Coun- 
ty), New Hampshire, Rhode Island, and 
Vermont who were wearing contact lenses 
and who were age 12 years or older. The 
interval was the 4-month period from June 
1 to September 30, 1987. New England was 
chosen as the study site because it was 


populous, boundary-crossing problems 
were limited (Canada on one side and the 
Atlantic Ocean on another), and there was 
good prior experience in surveying ophthal- 
mologists in this region.” Connecticut and 
Berkshire County in western Massachu- 
setts were excluded from the study site 
because some patients from these areas 
might have obtained care in nearby cities 
outside New England (ie, New York and 
Albany, NY). Details of study methods 
were reported previously. ° 


Patient Ascertainment 


Patients with ulcerative keratitis were 
identified through a survey of all ophthal- 
mologists practicing in the study area. The 
case definition included any patient who 
met the following criteria: wore contact 
lenses for any reason; was age 12 years or 
older; had a corneal stromal infiltrate with 
overlying epithelial defect; was clinically 
diagnosed as having microbial keratitis; re- 
ceived antibiotic treatment for presumed 
microbial keratitis; and was first diagnosed 
within the study period. 

The 641 ophthalmologists (including resi- 
dents and fellows) within the study area 
were first contacted by mail in May 1987. 
Twenty-three of the ophthalmologists we 
identified were not in practice or did not 
treat patients with corneal disease, and 
were excluded. Of the remaining 618 physi- 
cians, 612 (99%) participated. For each re- 
ported case, the following information was 
obtained: part of the patient’s name (to 
exclude duplicate cases) and the patient’s 
age, sex, state of residence, zip code, rea- 
son for lens use (aphakic, cosmetic, or ther- 
apeutic), date of diagnosis, eye infected, 
and corneal culture results. Reported cases 
of ulcerative keratitis without a positive 
culture result were confirmed by a follow- 
up telephone call to the reporting physician. 


Contact Lens Use Among 
Aphakic Persons 


We conducted a telephone survey of con- 
tact lens use among persons age 12 years 
and older in the study area to obtain the 
estimated prevalence rate fp needed for the 
denominator of the incidence calculation. 
Telephone numbers were chosen by random 
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Table 1.—No. of Aphakic Patients 
With Ulcerative Keratitis 
by Age and Sex 


No. of Patients 
-OOooooOo 
Age Range, y Female Male 


12-39 














digit dialing using a stratified two-stage 
cluster sample.” There were six geographic 
strata: Maine, Massachusetts (excluding 
the Boston metropolitan area and Berkshire 
County), Boston metropolitan area, New 
Hampshire, Rhode Island, and Vermont. 

A total of 7807 telephone listings were 
included in the survey; no contact could be 
made after four attempts at various times 
of day and on various days of the week in 
1399 of them, and 817 others were not 
households. An eligible respondent was a 
household member age 16 years or older 
who was asked to describe the contact lens 
use of all household members age 12 years 
and older. For each wearer, the respondent 
was asked his or her age, sex, lens type, 
and whether the lens was worn because of a 
cataract operation. Interviews could not be 
completed with 199 persons (including 78 
people because of a language barrier), and 
in 1214 households the interview was re- 
fused. Thus, interviews were completed 
with 4178 of a presumed total of 6990 
households; 74.7% of the 5591 households 
contacted cooperated in the survey. Infor- 
mation was collected about 10404 house- 
hold members older than age 12 years. 


Statistical Analysis 


We estimated the annual incidence of 
ulcerative keratitis among aphakic persons 
wearing contact lenses using the following 
expression: i1=3x/(np), where i denotes the 
estimated incidence; x, the number of apha- 
kic persons with keratitis; n, the total popu- 
lation age 12 years or older, as calculated on 
the basis of US census data” (and written 
communication from Paula J. Schneider, 
US Census Bureau, February 19, 1988); 
and f, the estimated proportion of the 
study population wearing contact lenses for 
aphakic correction, as reported in the 
household survey. 

Persons with missing information were 
proportionally allocated. The reason for 
lens use was not reported in 11.3% of the 
cases. The factor 3 was used to annualize 
the incidence for the 4-month study period. 
The estimate p and its estimated variance 
were obtained with the use of standard 
survey sampling techniques appropriate to 
the stratified cluster design. A 95% confi- 
dence interval (CI) for i was estimated by 
assuming that x has a Poisson distribution. 
An approximate variance (var) of the log of 
the ratio of the two independent random 
variables, 3x and nP, was computed using a 
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Table 2.—Estimated Prevalence of the Use of Specific Lens Types for Aphakic 
Correction and Estimated Incidence of Ulcerative Keratitis by Lens Type 


Type of Lens 
for Aphakic 
Correction 


All lenses 
Daily-wear soft 





% of Population 
Wearing This Lens for 
Aphakic Correction* 


Incidence of 
Ulcerative Keratitis 
(95% Confidence 
Interval)t 

52.0 (31.1-86.9) 


25.9 (8.0-83.3) 





Extended-wear soft 
Hard 


181.0 (75.1-436.5) 
9.1 (2.2-37.7) 








Rigid gas-permeable 





11.3 (1.3-100.0) 


* Includes those persons aged 12 years and older in the study site. 
tEstimated annual incidence per 10000 aphakic persons using this lens type. 


first-order Taylor's series approximation." 
Thus, var [log (i)]~[1/(3x)"] - var(3x)+ 
[1/np)"] - var(np) . The 95% CI for i was 
then estimated by i - exp {+1.96 SE[log 
I}. 

This approach to point and interval esti- 
mation was also used to estimate the inci- 
dence rate and its 95% CI within subgroups 
defined by lens type. We also estimated 
relative rates of ulcerative keratitis, com- 
paring aphakic persons using different lens 
types as well as comparing aphakie persons 
with cosmetic wearers of the same lens 
type. For these comparisons, estimated an- 
nual incidence rates among cosmetic lens 
wearers were as follows: 4.1 cases of ulcer- 
ative keratitis per 10000 cosmetic daily- 
wear soft-lens wearers (95% CI, 2.9 to 5.2); 
and 20.9 cases of ulcerative keratitis per 
10000 cosmetic extended-wear lens users 
(95% CI, 15.1 to 26.7)."° Confidence inter- 
vals for relative rates were calculated using 
a logarithmic transformation and a first- 
order Taylor series expansion as suggested 
by Rothman.” Two-tailed P values were 
obtained by comparing estimates divided by 
their SEs with significance levels of the 
normal distribution. 


RESULTS 


During the 4-month study, 195 cases 
of ulcerative keratitis in contact lens 
wearers age 12 years and older were 
reported by participating ophthalmolo- 
gists. Among these patients, 32 were 
aphakic persons using contact lenses, 
137 were cosmetic lens users, and four 
wore therapeutic lenses. For 22 pa- 
tients, the reason for lens use was 
unknown. 

The age and sex distribution of the 
32 aphakic persons is shown in Table 1. 
At least one aphakic case was reported 
from each of the six geographic strata: 
two were from Maine, 13 were from 
the Boston metropolitan area, seven 
were from Massachusetts excluding 
Boston and Berkshire County, one was 
from New Hampshire, three were 
from Rhode Island, and six were from 
Vermont. Twenty-six patients(81%) 
were 60 years or older. Twenty-four 
patients (75%) used extended-wear 
soft contact lenses, four wore daily- 
wear soft lenses, two wore hard 


lenses, one wore rigid gas-permeable 
lenses, and one had an unknown lens 
type. 

Estimates of the number of aphakic 
persons using contact lenses were de- 
rived from the household survey. Of the 
10404 household members included in 
the survey, 27 were aphakic persons 
using contact lenses. This was about 
0.25% of the population and 3.2% of the 
contact lens users, in agreement with 
the previous FDA estimate.’ Applying 
this percentage to the entire study area, 
there were approximately 20800 apha- 
kic persons in the study population 
wearing contact lenses in 1987. 

Table 2 shows estimates of the per- 
cent of the population 12 and older in 
the study site who were wearing spe- 
cific types of contact lenses for aphakic 
correction, as well as both overall and 
lens-specific estimates of the incidence 
of ulcerative keratitis among aphakic 
lens wearers. The estimated annual 
incidence of ulcerative keratitis among 
all aphakic persons using contact 
lenses was 52.0 cases per 10 000 wear- 
ers (95% CI, 31.1 to 86.9). However, 
there were substantial differences in 
estimated incidence rates across lens 
types, notably 25.9 cases per 10000 
daily-wear soft-lens users vs 181.0 
cases per 10000 extended-wear soft- 
lens users. 

A comparison of the relative risk of 
ulcerative keratitis between aphakic 
persons using extended-wear and dai- 
ly-wear contact lenses is shown in Ta- 
ble 3. Aphakic persons using extended- 
wear lenses were estimated to have 
seven times the rate of ulcerative kera- 
titis compared with aphakic persons 
using daily-wear lenses (P=.0009). 
Also shown are comparisons within 
lens types of rates of ulcerative kerati- 
tis between aphakic and cosmetic soft- 
lens wearers. Relative to cosmetic us- 
ers of daily-wear lenses, aphakic 
persons using daily-wear lenses were 
estimated to have 6.3 times the risk of 
ulcerative keratitis (P<.000001). Rela- 
tive to cosmetic users of extended- 
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Table 3.—Estimated Relative Risks of Ulcerative Keratitis Comparing Lens Types and 
Cosmetic vs Aphakic Use 


Relative Risk Compared 


Type of Lens for 
Aphakic Correction 


With Aphakic Wearers of 
Daily-Wear Lenses 


Relative Risk Compared 
With Cosmetic Wearers of 
Same Lens Type 





Daily-wear soft tOr 


6.3 (1.9-21.0) 





Extended-wear soft 
* Equals 1.0 by definition. 


wear lenses, aphakic persons using ex- 
tended-wear lenses were estimated to 
have 8.7 times the risk of ulcerative 
keratitis (P<.000001) Other lens 
types are not included in Table 3 be- 
cause of the lack of precision in esti- 
mating their associated incidence 
rates. For example, although aphakic 
hard lens users were estimated to have 
0.35 times the risk of ulcerative kerati- 
tis as aphakic soft-lens daily-wear us- 
ers, the 95% CI for this estimate (0.056 
to 2.2) was also consistent with a two- 
fold greater risk among aphakic hard 
lens users. 

We also estimated incidence rates of 
ulcerative keratitis among aphakic 
contact lens wearers within sex and 
age groups. In aphakic women, the 
estimated incidence was 43.9 cases per 
10 000 lens users, compared with 62.2 
cases per 10 000 lens users for aphakic 
men. These rates were not significant- 
ly different (P=.50). The estimated 
incidence rate in aphakic persons youn- 
ger than 60 years was 23.9 cases per 
10000 users, whereas among aphakic 
persons 60 years and older, the esti- 
mated incidence was 71.3 cases per 
10000 lens users. The increased risk 
after age 60 years was of marginal 
significance (P= .068). 


COMMENT 


This study estimated that almost 
one of every 200 aphakic persons wear- 
ing contact lenses develops ulcerative 
keratitis each year. This risk varies 
considerably by lens type, with 1.8% of 
aphakie persons using extended-wear 
lenses estimated to have ulcerative 
keratitis annually, compared with 
0.3% of aphakic persons using daily- 
wear lenses. This is the first popula- 
tion-based study to obtain estimates of 
the incidence of ulcerative keratitis 
among aphakic contact lens users. 
Comparison with previous estimates of 
serious complications among aphakic 
persons” is tenuous because these 
studies used practice-based popula- 
tions, monitored lens hygiene and mi- 
nor complications, and used different 
outcome measures. 

To maximize participation among 
ophthalmologists in the study site, the 
survey was brief, and thus it was not 
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7.0 (1.6-30.2) 





8.7 (3.5-21.9) 


possible to assess potentially impor- 
tant patient characteristics, such as 
patterns of lens use and hygiene. Oth- 
er research suggests that these are 
important determinants of ulcerative 
keratitis in cosmetic lens wearers.” It 
may well be that differences in pat- 
terns of wear or hygiene, rather than 
cataract removal, lead to greatly ele- 
vated risks of ulcerative keratitis in 
aphakic persons using contact lenses 
compared with cosmetic lens wearers. 
Among cosmetic contact lens wearers 
the principal risk factor for ulcerative 
keratitis is the extent of overnight 
wear before removal for cleaning. Al- 
though this information was not ob- 
tained in this survey, it is widely ac- 
knowledged that the practical 
demands of aphakic contact lens wear 
in the elderly frequently dictate more 
prolonged wearing schedules than the 
l-week mean found among cosmetic 
extended-wear users.” 

Thus, it may be that much of the 
increased risk may be accounted for by 
a greater degree of overnight wear and 
the lowered frequency of hygiene that 
necessarily accompanies continuous 
use. A second hypothesis relates to the 
altered ocular surface that may follow 
cataract surgery, eg, decreased corne- 
al sensation or potential foci for infec- 
tions from exposed surfaces. Aphakic 
persons and cosmetic lens wearers also 
differ greatly in age, and we might 
clinically suspect increased predisposi- 
tion to infectious external ocular prob- 
lems in older patients, who are more 
likely to have chronic blepharoconjunc- 
tivitis and keratitis sicca. However, 
the current study, as well as our previ- 
ous incidence study in generally youn- 
ger cosmetic lens wearers,” suggests 
that age is less important than lens 
type. Although this epidemiologic 
study does not identify the mechanism 
for elevated risk among aphakic con- 
tact lens wearers, it does quantify the 
extent of this risk. 

Potential limitations of this study 
include the following: possible misdiag- 
nosis because a clinical case definition 
was used; underestimation of incidence 
rates due to incomplete responses by 
ophthalmologists; and extrapolation of 
data collected during a 4-month period 


to an annual incidence. The decision to 
rely on clinical judgment to identify 
incident cases was based on telephone 
contact with ophthalmologists in the 
study site, which confirmed that many 
patients with presumed microbial ker- 
atitis were treated without corneal cul- 
ture. Frequent contact with ophthal- 
mologists in the study site, the 
shortness of the study period, and the 
high participation rate helped to mini- 
mize any potential nonresponse bias. 

For 22 of the 195 cases of ulcerative 
keratitis, the indication for contact 
lens use was not reported. If these 22 
persons were more or less likely to be 
aphakic than the persons for whom the 
reason for lens use was known, then 
some bias in estimated incidence rates 
would result. However, there is no 
evidence to suspect that the reason for 
lens use was more or less likely to be 
reported for aphakic lens users than 
for cosmetic lens users. Since optome- 
trists within the study site were un- 
able to prescribe antibiotics, we as- 
sume that nearly all cases of ulcerative 
keratitis were managed, and hence re- 
ported by ophthalmologists, although a 
few patients may have been treated by 
internists or family practitioners. 

Incidence rates presented here are 
extrapolated to annual rates from the 
4-month study period. Because the 
study spanned the summer months 
June through September in New En- 
gland, the annualized rates presented 
here would be overestimates if higher 
rates are associated with high ambient 
temperatures. However, under this 
hypothesis of a correlation between 
higher temperature or humidity and 
increased incidence, rates in New En- 
gland would be lower than those in 
warmer or more humid regions of the 
United States. 

Although the spectrum, severity, 
and response to treatment of complica- 
tions differ by method of aphakic cor- 
rection, these results may help to place 
in perspective the RRs associated with 
other established or evolving surgical 
methods of aphakic correction. Popula- 
tion-based estimates are not available 
for complication rates from secondary 
intraocular lens implantation. Kraff 
and colleagues” reported that one 
(0.5%) of 190 consecutive patients who 
underwent secondary intraocular lens 
implantation suffered significant visual 
loss, chiefly as a result of cystoid mac- 
ular edema. Epikeratophakia has a dif- 
ferent set of potential complications 
that may be less serious. However, the 
refractive predictability of the proce- 
dure is far less precise than contact 
lens use or secondary intraocular lens 
implantation. 
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Intracorneal implants are currently 
being studied for aphakic correction. It 
will be important to compare the risks 
and benefits of these new procedures 
with those of aphakic contact lens use 
and secondary intraocular lens 
implantation. 


The authors have no affiliation with or financial 
involvement in any organization or entity with a 
direct financial interest in the subject matter or 
materials discussed in this article. 
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standard-setter. Of prime importance 
is the TRC-50X’s precision optics 
and brilliant dual-illumination 
system, which produce 
ultra-sharp images, whether 
using 35mm, Polaroid or 
video formats. 


The new Topcon TRC- 
50X retinal camera provides 
two major improvements 
over its most recent prede- 
cessor and industry’s top 
seller, the TRC-50VT. Its 

power supply is built into the base, 
making it more compact and easier 
to handle, and automatic filter 
insertion provides unmatched 
flexibility during fluorescein 
angiography. 
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Laboratory Sciences 


Limitation of Retinal Injury by Vitreoperfusion 
Initiated After Onset of Ischemia 


Norman P. Blair, MD; William E. Shaw, MD; Robert Dunn, Jr, MD; Yoko Tsukahara, MD; Clarissa Floro; Mark M. Rusin, MS 


e We tested whether vitreoperfusion, a 
new method of perfusing the vitreous 
cavity with solutions containing nutri- 
ents, can limit retinal injury if initiated 
after the onset of ischemia. Severe bilat- 
eral ocular ischemia was induced in 
cats with healed lensectomy-vitrectomy 
wounds; 30, 60, 90, or 120 minutes later, 
one eye from each of 18 cats underwent 
vitreoperfusion while the ischemia con- 
tinued for 120 minutes. The other eye 
simultaneously underwent either contin- 
ued untreated ischemia or reinstated cir- 
culation. The histopathologic abnormali- 
ties evident after 8 days depended on the 
duration of ischemia. Reinstated circula- 
tion yielded less retinal damage than 
continued ischemia. Nine additional cats 
underwent bilateral ischemia for at least 
210 minutes. Vitreoperfusion was initiat- 
ed in one eye after 30 minutes. In each 
cat, the vitreoperfused eye fared signifi- 
cantly better as observed histopathologi- 
cally and electroretinographically. We 
believe that no other treatment has simi- 
larly limited retinal injury in vivo when 
initiated so long after total ocular isch- 
emia has developed. 

(Arch Ophthalmol. 1991;109:113-118) 


R etinal ischemia commonly occurs in 

a variety of retinal and choroidal 
diseases.’ It is seldom possible to re- 
store blood flow by the therapeutic 
modalities currently available. Conse- 
quently, ischemic retinal injury often 
develops and leads to loss of visual 
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function, even though the circulation 
may recover spontaneously later. 

We previously described vitreoper- 
fusion,” a method of supplying nutri- 
ents and oxygen to the retina and 
removing its metabolic by-products by 
perfusion of the vitrectomized vitreous 
cavity. When cats underwent vitreo- 
perfusion and severe ocular ischemia 
simultaneously for up to 4 hours, mini- 
mal histopathologic damage occurred. 
In contrast, severe damage was seen 
with the same ischemic challenge when 
eyes did not undergo vitreoperfusion. 
Thus, vitreoperfusion was shown to 
prevent ischemic retinal injury despite 
the absence of blood flow. 

However, for vitreoperfusion or any 
new approach to the treatment of tem- 
porary retinal ischemia (eg, certain 
retinal artery occlusions) to have clini- 
cal application, it would have to be 
shown effective when initiated after 
the onset of ischemia, since patients 
request assistance only after the occur- 
rence of symptoms. Evidence suggests 
that this may be possible. Studies of 
ischemia in many organs indicate that 
severe ischemia first leads to a degree 
of injury termed ischemic penumbra, 
characterized by reversible loss of 
function.’ However, continuation of se- 
vere ischemia produces degrees of in- 
jury that inevitably progress to necro- 
sis. Accordingly, the ischemic 
penumbra represents a window of 
therapeutic opportunity. To our 
knowledge, no data are available on 
whether vitreoperfusion could be used 
to capitalize on this opportunity. 

We tested the hypothesis that the 
initiation of vitreoperfusion after a pe- 
riod of untreated severe ischemia can 
limit retinal injury even while ischemia 
continues. 


SUBJECTS AND METHODS ss 
Rationale and Study Design 


It is difficult to induce a consistent, 
known degree of ischemic penumbra. The 
degree of penumbra is a characteristic of 
the functional state of the retina and is not 
determined solely by the severity and dura-~ 
tion of the associated ischemia (strictly 
speaking, ischemia refers to the insufficien- 
cy of blood flow without regard to any 
consequences in the tissue’). It is even 
difficult to establish a consistent, known 
degree of ischemia. To evaluate vitreoper-- 
fusion, we needed a method that not only 
was capable of a consistent, known degree 
of ischemia but also was simple, reversible, 
and applicable in animals with eyes large 
enough to allow vitrectomy. We also pre- 
ferred a method that would involve only the 
retinal circulation, since ischemia involving 
this circulation is by far the most frequently 
encountered clinically. However, we knew 
of no method meeting these criteria in 
which occlusion is confined to the retinal 
vasculature. 

We chose to induce retinal ischemic pen- 
umbra by elevation of the intraocular pres- 
sure above the systolic blood pressure.” 
This closes both the retinal and choroidal 
circulations and simulates ophthalmic ar- 
tery occlusion. This method had the advan- 
tages of simplicity, reversibility, and appli- 
cability in cats, and it permitted us to know 
the exact degree of ischemia; the blood flow 
in both the retina and choroid was stopped, 
and the duration was set by us. 

However, this method had the disadvan- 
tage of closing both the choroidal and reti- 
nal circulations, which are seldom involved 
simultaneously in patients; ophthalmic ar- 
tery occlusion is a rare condition. In addi- 
tion, the reduction in blood flow is more 
severe than is usually seen in patients, in 
whom there is often incomplete cessation of 
flow. Nevertheless, this method seemed to 
be a reasonable starting point considering 
the issues stated above. Furthermore, it 
seemed logical that if vitreoperfusion could 
successfully treat a simulated complete oph- 
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thalmic artery occlusion, it might be able to 
treat the milder, more circumscribed forms 
of ischemia more frequently seen clinically. 

To test our hypothesis, the experiments 
required two consecutive stages. In stage 1, 
we aimed to present an ischemic challenge 
that would establish ischemic penumbra in 
the retina. Several durations of ischemia 
were tested to further clarify when irre- 
versibility appeared in our model.” In stage 
2, we sought to treat the injured retina with 
vitreoperfusion while ischemia continued. 
The effect of vitreoperfusion would be ex- 
pected to lie between that of continued, 
untreated ischemia and restoration of blood 
flow. Accordingly, stage 2 consisted of 
treatment with vitreoperfusion or one of 
these latter conditions for comparison. 

Two experiments were performed. Ex- 
periment 1 used 18 cats (Table 1) in which 
bilateral ischemia was induced for 30, 60, 
90, or 120 minutes in stage 1. In stage 2, 
which immediately followed stage 1, one 
eye received vitreoperfusion with continued 
ischemia, and the other eye underwent 
either restoration of blood flow or contin- 
ued, untreated ischemia; stage 2 lasted 120 
minutes. 

Experiment 2 was performed to clarify 
the results of experiment 1, from the sub- 
group that underwent 30 minutes of isch- 
emia in stage 1. The effect of reflow of blood 
was no longer of interest. We attempted to 
bring out the difference between the effect 
of no treatment and that of vitreoperfusion 
by lengthening the period of ischemia after 
initiating vitreoperfusion. Nine cats (Table 
2) underwent bilateral ischemia in stage 1 
for 30 minutes. One eye then received vi- 
treoperfusion while both eyes continued to 
have ischemia for 180 (six cats) or 240 
(three cats) additional minutes. In both 
experiments, the outcome was based on 
histopathologic study of the eyes. Electro- 
retinography (ERG) also was performed to 
assess the outcome in experiment 2. 


Anesthesia 


The procedures were performed accord- 
ing to a protocol approved by our institu- 
tion’s Animal Care Committee. In our pre- 
vious work,’ anesthesia was performed with 
ketamine hydrochloride and acepromazine 
maleate. Ketamine has the disadvantage of 
being an antagonist of the N-methyl-D- 
aspartate class of glutamate receptor,” 
which has been implicated in excitotoxic 
injury due to ischemia in the brain’ and 
retina.*"’ We have not found an alternative 
anesthetic that does not substantially re- 
duce neural metabolism (eg, barbiturates), 
is not significantly carcinogenic (eg, ure- 
thane), does not require special ventilation 
(eg, halothane), and is suitable for survival 
experiments. In the present experiments, 
we changed our anesthetic regimen to one 
that contained substantially reduced 
amounts of ketamine.” 

Anesthesia was induced intravenously 
using 1 to 2 mL/kg of a mixture of 
50 mg/mL of guaifenesin, 1 mg/mL of keta- 
mine hydrochloride, and 0.25 mg/mL of 
xylazine hydrochloride. Anesthesia was 
maintained with an intravenous infusion of 
a solution of 10 mg/mL of guaifenesin, 
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Table 1.—Experimental Procedures and Outcomes in Cat Eyes (Experiment 1) 


Stage 1, 
Duration of 
Ischemia, min 


Stage 2, 
Treatment for 
120 min 


Grade of 
Histopathologic 
Damage* 


Total Duration 
of Continuous 
Ischemia, min 





Blood flow 





30 


= 








Vitreoperfusion 150 





Blood flow 


30 


30 Untreated ischemia 150 
30 Vitreoperfusion 150 





30 Untreated ischemia 150 
30 Vitreoperfusion 150 
30 Untreated ischemia 150 














30 Vitreoperfusion 150 





60 Blood flow 


60 





60 Vitreoperfusion 180 





60 Blood flow 


60 Vitreoperfusion 





60 Untreated ischemia 





60 Vitreoperfusion 
Untreated ischemia 
Vitreoperfusion 











Blood flow 


Vitreoperfusion 





Untreated ischemia 
Vitreoperfusion 
Untreated ischemia 








Vitreoperfusion 
Untreated ischemia 











Vitreoperfusion 








Blood flow 





Vitreoperfusion 
Untreated ischemia 





Vitreoperfusion 





Untreated ischemia 








Vitreoperfusion 
Untreated ischemia 














Vitreoperfusion 
* See “Results” section for grading classification. Ellipses indicate that grade could not be determined. 





0.2 mg/mL of ketamine hydrochloride, and 
0.05 mg/mL of xylazine hydrochloride at 
about 0.5 mL/min. This anesthesia was 
reversed at the end of the experiment with 
about 0.5 mg of intravenous tolazoline hy- 
drochloride. All eyes in each experiment 
were subjected to similar doses of ketamine 
and, therefore, this factor would not influ- 
ence any results based on comparison be- 
tween eyes. 


Surgical Procedures 


With the use of standard surgical instru- 
mentation and sterile technique, all 27 cats 
underwent bilateral lensectomy and vitrec- 
tomy. The vitreoperfusion experiments 
were carried out after 1 month of healing 
and after the cats had fasted overnight. 
After pupillary dilation and anesthesia, 
4-mm infusion cannulas were placed in each 
eye via the pars plana: two cannulas (inflow 
and outflow) in the eye for vitreoperfusion 
and one in the eye for reflow of blood or 
continued untreated ischemia. Ischemia 
was induced by elevation of the intraocular 


pressure to at least 170 mm Hg using a 
pressure regulator connected to the air 
pressure system in the wall of the building. 
Reflow of blood was established by normal- 
izing the intraocular pressure to approxi- 
mately 15 mm Hg. Vitreoperfusion was 
carried out by introducing Ames’ solution” 
bubbled with 95% oxygen and 5% carbon 
dioxide at 4 mL/min with a peristaltic pump 
into the cannula opposite to that connected 
to the pressure regulator. At the end of the 
experiment, the cannulas were removed, 
the wounds sutured, the animals allowed to 
recover, and the eyes treated with topical 
eycloplegics, antibiotics, and gluco- 
corticoids. 


Histopathologic Analysis 


Eight days later the animals were killed, 
and the eyes were removed and placed in 
fixative (Perfix, Fischer Scientific, Chica- 
go, Ill). The eyes were then opened, and the 
central sections were embedded in paraffin, 
sectioned, stained with hematoxylin and 
either eosin or periodic acid-Schiff, and 


Vitreoperfusion—Blair et al 





Fig 1.— Histopathologic evidence of retinal damage by grade (hematoxylin-eosin. original magnification x 400). Top left, 
Grade 1. Retina of cat that underwent 60 minutes of ischemia in stage 1 and restoration of blood flow in stage 2. The retinal 
structure is essentially normal. Top center, Grade 2. Retina of cat that underwent 60 minutes of ischemia in stage 1 and 
vitreoperfusion in stage 2. The layer of rods and cones is reduced in thickness. A few pigment-laden macrophages are 
present in the subretinal space (arrow). Occasional chronic inflammatory cells are seen in the inner retinal layers. Top right, 
Grade 3. Retina of cat that underwent 60 minutes of ischemia in stage 1 and vitreoperfusion in stage 2. Irregular cell loss is 
present in the outer nuclear layer. but many surviving nuclei remain. Inner and outer segments are markedly shortened. 
Inner layers are relatively intact, although there are some chronic inflammatory cells. Bottom left, Grade 4. Retina of cat that 
underwent 60 minutes of ischemia in stage 1 and vitreoperfusion in stage 2. There is total loss of the photoreceptor cells as 
well as their inner and outer segments. The inner nuclear layer is mildly thinned. Bottom center, Grade 5. Retina of cat that 
underwent 30 minutes of ischemia in stage 1 and continued untreated ischemia in stage 2. The disorganized retina is 
reduced to an atrophic, thinned, glial membrane. Pigment-laden macrophages are present in the retina (arrows). Bottom 
right, Grade 5. Retina of cat that underwent 60 minutes of ischemia in stage 1 and restoration of blood flow in stage 2. There 


is marked tissue necrosis with no identifiable normal layers. 


examined by light microscopy. The inter- 
pretation and grading of the abnormalities 
on histopathologic analysis were done with- 
out knowledge of which treatment the eves 
had received. 


ERG 


Electroretinography was available for ex- 
periment 2 only. It was performed, with the 
eats under general anesthesia, within sev- 
eral days before and & days after the vitreo- 
perfusion experiment, just before enucle- 
ation. The animals underwent pupillary 
dilation and cycloplegia and then 30 minutes 
of dark adaptation. An ERG-jet electrode 
was placed on the cornea with a reference 
electrode connected to the ear. The oppo- 
site ear was grounded. The lamp of a pho- 
tostimulator (Grass PS 22, Grass Instru- 
ments, Quincy, Mass) was held 10 em from 
the eye and flashed using the I-16 intensity 
setting. The signal was amplified (DAM 50, 
WPI, New Haven, Conn), filtered to pass 
0,1 to 100 Hz, displayed on an oscilloscope, 
and photographed. The ERG was not per- 
formed in one cat due to technical problems. 
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Statistical Analysis 


The results of experiment 1 were ana- 
lyzed by two-way analysis of variance 
(ANOVA) to determine the effect of the 
duration of ischemia in stage 1 and the 
effect of the treatment group in stage 2 on 
the histopathologic grade. One-way AN- 
OVA was performed on the data obtained 
following 30 minutes of ischemia in stage 1. 
The results of experiment 2 were analyzed 
using Students paired f test. 


RESULTS 
Histopathologic Analysis 


The range of abnormalities seen in 
the histopathologic material was simi- 
lar to that observed in our previous 
study. Generally, the most severe ab- 
normalities were present in the retina. 
The severity of damage at a given 
location in the retina tended to be 
fairly independent of its distance from 
the optic nerve. 


After analyzing all the eyes, we cat- 
egorized them into five grades based 
on the retinal findings. The key factor 
in the grading system was cell death, 
the most unequivocal indicator of irre- 
versible ischemic injury. Eyes were 
classed as grade 1 if there were no 
definite abnormalities (Fig 1, top left). 
In grade 2, mild abnormalities were 
present, but there was no definite cell 
death (Fig 1, top center). The abnor- 
malities usually consisted of shortened 
or absent inner and outer segments of 
the photoreceptors or small foci of 
macrophages in the subretinal space. 


In grade 3, unequivocal cell loss was = 
4 


present. This cell loss almost always 
occurred in the outer nuclear layer, as 
identified by a reduction in the number 
of nuclei that determined its thickness 
compared with that in adjacent areas 
(Fig 1, top right). 

In grade 4, there was loss of a 
complete layer of nuclei (Fig 1, bettom 
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left). In all but one case this was the 
outer nuclear layer; the other eye lost 
the entire ganglion cell layer. In grade 
5, there was such extensive disorgani- 
zation that no definite normal stratifi- 
cation could be discerned, and the reti- 
ha was reduced to an atrophic glial 
membrane (Fig 1, bottom center). In 
some grade 5 eyes, the tissue disrup- 
tion was so severe that there was full- 
thickness necrosis with numerous mac- 
rophages (Fig 1, bottom right). There 
was marked thinning of the retina in 
grades 4 and 5. Eyes were assigned to 
grades based on the predominant de- 
gree of damage. In a few eyes, the 
areas with two grades were approxi- 
mately equal. These eyes were graded 
between the two grades, eg, 4.5. 

Seven eyes had had a retinal detach- 
ment as judged histopathologically by 
subretinal eosinophilic material and 
rounding of the apices of the pigment 
epithelial cells. Since retinal detach- 
ment can cause retinal damage, we 
sought to distinguish the abnormalities 
attributable to detachment vs isch- 
emia. In four of these eyes the damage 
was considered to be too severe to 
have been caused by retinal detach- 
ment alone during the time available. 
They had widespread, severe, full- 
thickness damage and foeal, full-thick- 
ness necrosis resulting in retinal 
breaks in the available sections. 

Three of these four eyes had the 
most severe ischemic challenge: 120 
minutes of ischemia in stage 1 and 
continued untreated ischemia in stage 
2. We attributed the retinal detach- 
ments to the ischemic injury. Two 
detached retinas had minimal abnor- 
malities. The last retinal detachment 
showed outer retinal disturbances due 
to an indeterminate combination of 
ischemia and detachment. Since the 
grade of ischemic injury could not be 
evaluated, this eye was excluded from 
the analysis. One eye had endophthal- 
mitis, but it had reasonable preserva- 
tion of retinal structure, so it was 
included in the analysis. 

The extent of damage to the retinal 
pigment epithelium generally correlat- 
ed with the damage to the inner and 
outer segments. Areas of marked reti- 
nal atrophy often contained pigment- 
laden macrophages, although they 
were infrequent in the areas with max- 


— .=imally severe abnormalities. 


Outcomes in the Treatment Groups 


Experiment 1.—Table 1 displays 
the results of experiment 1. The eyes 
from the group with continued, un- 
treated ischemia in stage 2 showed 
substantial damage and cell loss re- 
gardless of the duration of ischemia in 
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Grade of Histopathologic Damage 


o 30 60 





Vitreopertusion @ 
“Blood Flow © 
None A 


90 120 


Duration of Ischemia Prior to Intervention, min 


Fig 2.—Effect of ischemia and subsequent intervention on the retina by histopathologic analy- 
sis. in stage 1, eyes underwent untreated ischemia for varying periods. Immediately afterwards, 
in stage 2, one of the following interventions was initiated for 120 minutes: vitreoperfusion plus 
continued ischemia, restoration of blood flow, or none (ie, continued untreated ischemia). 


stage 1 (Fig 2). The groups treated in 
stage 2 with either restoration of blood 
flow or vitreoperfusion plus ischemia 
showed degrees of injury proportional 
to the duration of ischemia in stage 1. 
Mild abnormalities were seen at 30 
minutes, severe damage was seen at 
120 minutes, and intermediate, but 
variable, degrees of histopathologic al- 
terations were seen at 60 and 90 min- 
utes. One eye with reflow of blood had 
grade 4 damage after 60 minutes of 
ischemia in stage 1, indicating that the 
ischemic penumbra can be as short- 
lived as 60 minutes with the severe 
ischemic challenge used. 

Two-way ANOVA showed a signifi- 
cant effect of the duration of ischemia 
in stage 1 on the eventual retinal grade 
(P=.0009). The overall effect of the 
type of treatment in stage 2 (ie, vitreo- 
perfusion plus ischemia, reflow of 
blood, or untreated ischemia) and the 
interaction of these two effects in our 
limited sample were not statistically 
significant (P= .1016 and P = .3438, re- 
spectively). An ANOVA of the eyes 
receiving ischemia for 30 minutes in 
stage 1 showed significant differences 
(P= .0310). Reflow of the circulation 
led to a more favorable outcome than 
did continuous ischemia, but the bene- 
fit of vitreoperfusion only approached 
statistical significance. 

Experiment 2.—The results of ex- 
periment 2 are given in Table 2. One 
eye in the control group with untreat- 
ed ischemia was evaluated as grade 3, 
and all other eyes received higher 
grades. Only one eye treated with 


vitreoperfusion was given a grade 
as high as 3. In all cats, the histopa- 
thologic grade was less in the eye un- 
dergoing vitreoperfusion than in the 
contralateral eye, which under- 
went untreated ischemia. This differ- 
ence was statistically significant 
(P = .00002). In every eye that did not 
undergo vitreoperfusion, the ERG b 
wave was unmeasurable 8 days after 
the experiment. In contrast, it was 
always recordable in the eyes undergo- 
ing vitreoperfusion, with mean+SD 
values of 188+64 pV. This averaged 
36% of the baseline value (P<.001). 
Taking the difference between the 
ERG b wave before and 8 days after 
the experiment as the best ERG esti- 
mate of the outcome, eyes treated with 
vitreoperfusion fared significantly bet- 
ter than the untreated control eyes 
(P<.00001). 


COMMENT 


Three major findings emerged from 
this study. First, the retinal damage 
was proportional to the duration of 
ischemia in stage 1. This finding is 
consistent with the accepted principle 
in the field of ischemia that on cessa- 
tion of blood flow, a complex sequence 
of events, beginning with depletion of 
energy reserves, is initiated; for a time 
these events can be reversed but unre- 
mitting ischemia leads to irreversible 
infarction.” In the eyes that underwent 
120 minutes of ischemia in stage 1, 
severe damage invariably occurred, 
regardless of the method of treatment 
in stage 2. This indicates that most of 
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of Continuous Histopathologic 
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* See “Results section for grading classification. 


the retina had already passed through 
the state of penumbra into one of irre- 
versible damage so that even reflow 
could not induce recovery. 

In contrast, in the eyes that received 
30 minutes of ischemia in stage 1, the 
damage was mild, with either reflow or 
vitreoperfusion. This indicates that a 
considerable amount of the retina must 
have been in the state of ischemic 
penumbra from which it could recover. 
However, no association was evident 
between the retinal outcome and the 
duration of ischemia in stage 1 in eyes 
undergoing untreated ischemia in both 
stages, presumably due to the contin- 
ued injury during stage 2. These eyes 
consistently developed substantial 
damage, even with short durations of 
ischemia in stage 1. Nevertheless, 
when eyes in all groups were consid- 
ered together, this effect was out- 
“weighed by the favorable outeomes 
seen with short durations of ischemia 
in stage 1 in the other two groups 
undergoing vitreoperfusion or reflow 
in stage 2. 

At the intermediate durations of 
ischemia in stage 1 (60 and 90 min- 
utes), we saw variability in the sever- 
ity of ischemie retinal injury despite 
identical ischemic challenges. If we 
had used a form of inducing ischemia in 
which the duration and severity of 
blood flow deprivation were not 
known, the variability would have 
been even greater. Such variability is 
<o common in experimental ischemia in 
neural. tissue, ™™ presumably because 
< not all biologic factors determining 
- susceptibility to ischemic injury are 
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known or readily controlled. 

The second major finding of the 
study was that at the 30-minute dura- 
tion in stage 1, a statistically signifi- 
cant benefit was seen with restoration 
of blood flow compared with continued 
ischemia, a finding that was achieved 
despite a small sample size. This con- 
firmed our expectation that reflow of 
blood can reverse the abnormalities 
existing in the retina after a limited 
period of ischemia. 

The third major finding was that 
vitreoperfusion decisively improved 
the histopathologic and ERG outcomes 
compared with no treatment despite 
continued ischemia. To our knowledge, 
no other method has been shown to 
limit ischemic retinal injury when initi- 
ated so long after such a severe isch- 
emic challenge in vivo without rein- 
stating the blood supply. Never- 
theless, there was a significant reduc- 
tion of the ERG compared with the 
baseline values. We could not deter- 
mine whether this was because irre- 
versible abnormalities had already 
developed before initiation of vi- 
treoperfusion or because vitreoperfu- 
sion was unable to reverse the penum- 
bra state completely. If the latter were 
true, more favorable results might be 
possible by improving the vitreoperfu- 
sion technique, such as using an opti- 
mized vitreoperfusion solution. The 
beneficial effect of vitreoperfusion 
probably was related to the supply of 
oxygen, glucose, and other com- 
pounds. Removal of metabolic prod- 
ucts (eg, lactate) and hypothermia” 
(the solution was at reom temperature 


in our experiments) may also have 
been important. 

Studies have shown that a consider- 
able amount of the ultimate effect of an 
ischemic challenge on the heart and 
brain is inflicted during the time of 
reperfusion.” We do not know to 
what extent reperfusion injury may 
have been involved in our study. If 
more were known about reperfusion 
injury in the retina, it might be possi- 
ble to minimize it by using vitreoperfu- 
sion with a specially designed solution. 
Reducing cardiac reperfusion injury 
has already been accomplished by opti- 
mizing the characteristics of the reper- 
fusion fluid after ischemia occurs dur- 
ing open heart surgery.“ 

The ultimate consequence of isch- 
emia is cell death. We considered this 
decisive and permanent event the key 
factor in assessing our results. Histo- 
pathologie evidence of cell loss is an 
excellent way to ascertain cell death.” 
The most severe damage in our histo- 
pathologic material was usually in the 
outer retinal layers. The retinal region 
most vulnerable to ischemia has varied 
from study to study, and the results of 
several reports were consistent with 
ours. “7 Tt seems clear, however, that 
most retinal neurons are quite suscep- 
tible to ischemia. Although the milder 
forms of injury in our model of isch- 
emia tended to be in the outer retina, 
the inner retina also became damaged 
in some cases, and this damage was 
not seen when vitreoperfusion was ini- 
tiated 30 minutes after the onset of 
ischemia. This suggests that while our 
model simulated ophthalmic artery oc- 
clusion, vitreoperfusion might also be 
able to treat inner retinal ischemic 
injury, as seen clinically in retinal vas- 
cular occlusions. This is logical beeause 
the inner retina has better access to 
nutrients from the vitreous during vi- 
treoperfusion than does the outer 
retina. 

It is likely that the period of isch- 
emic penumbra is often longer clinical- 
ly than it was in this study. Simulta- 
neous occlusion of both the retinal and 
choroidal circulations seldom occurs in 
patients, and in many cases some per- 
fusion persists. In fact, the results in 
experimental brain ischemia suggest 
that the state of penumbra might be 
maintained for long periods at some 
levels of mild ischemia.” Many experi- 
enced clinicians have seen instances of 
remarkable recovery within hours to 
days after the onset of central retinal 
artery occlusion. Also, we believe that 
retinal, optic nerve, and iris neovascu- 
larization provide some indirect evi- 
dence for the existence of chronic isch- 
emic penumbra in the human retina 
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sinee angiogenic stimulation by either 
normal or infarcted tissue seems to 
serve no purpose. 

Certainly, the amount of tissue that 
could be rescued in cases of acute 
retinal ischemia is unkown because no 
treatment modality exists that is effec- 
tive enough to significantly alter the 
natural history of the disease. If sub- 
stantial amounts of ischemic penumbra 
actually are common in patients (eg, in 
ophthalmic or retinal artery occlusion), 
there would be opportunity to salvage 
this tissue with the development of 
new, efficacious treatments for retinal 
ischemia. Therefore, it seems worth- 
while to pursue new methods of 
treatment. 

Our results represent a substantial 
advance in the treatment of experi- 
mental retinal ischemic injury because 
efficacious therapy was initiated a con- 
siderable time after the onset of isch- 
emia, as would be the case if any new 
modality were used to treat patients. 
Accordingly, vitreoperfusion shows 
promise as a therapeutic modality in 
temporary retinal ischemia, such as in 
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selected cases of ophthalmic or retinal 
artery occlusion. However, additional 
studies are needed to further develop 
the technique to enhance retinal sur- 


vival. Furthermore, applying the 
method clinically would require over- 
coming major practical and logistical 
obstacles. 

For example, patients would require 
immediate vitrectomy using the oxy- 
genated vitreoperfusion fluid for infu- 
sion. Vitreoperfusion would then have 
to continue until there was either cir- 
culatory recovery or loss of hope for 
recovery. Accordingly, we do not rec- 
ommend applying this technique in pa- 
tients at this time. Further studies will 
help determine what role, if any, vi- 
treoperfusion will eventually play in 
the clinical management of retinal 
ischemia. 

Other approaches may also prove 
useful in cases of acute retinal isch- 
emia, such as hyperbaric oxygen, de- 
livery of oxygen by a special intravi- 
treal catheter,” thrombolytic agents,” 
hypothermia,” inhibition of the N- 
methyl-D-aspartate receptor,” and the 
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use of other drugs, such as thiopental 
sodium.” Whereas all of these tech- 
niques may become useful, only vitreo- 
perfusion combines the advantages of 7 
continuously supplying consumable 
substances (eg, oxygen and glucose) 
and other compounds (eg, vitamins or 
pharmacologie agents) and removing 
metabolic products (eg, lactate). Ulti- 
mately, a combination of these ap- 
proaches, as well as others, may prove 
most valuable. We believe that signifi- 
cant progress in the treatment of acute 
retinal ischemia is possible during the 
next several years through these 
approaches. 
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ə We investigated the effects of the 
topical application of acepromazine ma- 
leate on the intraocular pressure (IOP) in 


27 adult rhesus monkeys. The monkeys 


were divided into two groups: group 1 
(16 monkeys) had both eyes normal, and 


< group 2 (11 monkeys) had experimental 


chronic glaucoma in one eye and a nor- 
mal fellow eye. One drop of 1% acepro- 
mazine maleate solution was instilled in 


“one eye of monkeys in group 1 and in the 


glaucomatous eye of monkeys in group 
2; the other eye served as the control. 
The IOP was measured before drug ad- 
ministration and 1, 4, 8, 24, and 32 hours 
after, with detailed slit-lamp examination 
of the anterior segment. Acepromazine 
produced no change in IOP in eyes in 
group 1, but it produced a fall in pressure 
in all eyes with high IOP in group 2, 
evident 1 hour after instillation, maximal 
between 4 and 8 hours, and still remain- 
ing after 32 hours. The pupil showed no 
change in size, but a transient ptosis was 
Observed in the treated eye in all 
monkeys. 
(Arch Ophthalmol. 1991;109:119-124) 


A cepromazine maleate (2-acetyl-10- 

[3-dimethylaminopropyl] phenothi- 
azine hydrogen maleate) is a structural 
analogue of chlorpromazine (Thora- 
zine) and is a tranquilizer used in vet- 
erinary practice. We have adminis- 
tered the compound to rhesus monkeys 
in our Ocular Vascular Laboratory for 
some time, We noticed that intramus- 
cular administration of this drug pro- 
duced arterial hypotension and a fall in 


intraocular pressure (IOP) as well as 


sedation. In recent studies using ex- 
perimentally induced chronic glaucoma 
in rhesus monkeys, we had some eyes 
where the usual antiglaucoma drops 
were not effective in lowering an un- 
usually high IOP. Since we had noted 
that intramuscular administration of 
acepromazine lowered the IOP, Oscar 
Cuzzani, MD, who was working in our 
laboratory at that time, tried putting 
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drops of the commercially available 
acepromazine solution into two eyes 
with very high IOPs. The IOP de- 
creased appreciably. Unfortunately, 
Dr Cuzzani had to leave our unit soon 
after. Based on his anecdotal observa- 
tion, we decided to conduct an in-depth 
investigation and systematically deter- 
mine the effects of acepromazine eye 
drops on the IOP, pupil size, eyelid 
muscle, and anterior segment of the 
eye in our rhesus monkeys. With these 
objectives, we conducted this clinical 
study, and the findings in glaucoma- 


tous eyes confirmed the original 
observation. 
MATERIALS AND METHODS 


This study was conducted in 27 adult 
rhesus monkeys that were divided into the 
following two groups: group 1 (16 animals) 
had both eyes normal, and group 2 (11 
animals) had experimental glaucoma in one 
eye that was produced by argon laser appli- 
eation to the trabecular meshwork at least 6 
to 12 months or longer previously; there 
was no evidence of any anterior segment 
abnormality, eg, inflammation, in the eye. 
The fellow eyes of all these animals were 
normal. 

We used a commercially available solu- 
tion of acepromazine, with each milliliter 
containing 10 mg G&%) of acepromazine ma- 
leate, 0.36% sodium citrate, 0.075% citric 
acid, 1.0% benzyl alcohol, and water 
(TechAmerica, Kansas City, Mo). The stud- 
ies were performed in three stages. 


First-Stage Studies 


Objectives of these studies were to inves- 
tigate the effects of aeepromazine eye drops 
on IOP and on the anterior segment of the 
eye. The animals were tranquilized using 
intramuscular ketamine hydrochloride (8 to 
10 mg/kg of body weight). Before the use of 
acepromazine eye drops, we collected base- 
line information on IOP (by Goldmann to- 
nometer, using one drop of 0.5% propara- 
eaine hydrochloride solution) and examined 
the anterior segment with a slit lamp for 
any conjunctival, corneal, anterior cham- 
ber, iris, and pupil abnormalities. Soon 
after establishing baseline measurements at 
8 AM, we instilled one drop of commercially 
available 1% acepromazine maleate solution 
in one eye of the group 1 normal animals 
(according to random order) and one drop in 
the glaucomatous eye in group 2. The fellow 
eye in all animals acted as a control. The 
investigator measuring the IOP (S.S.H.) 
was masked as to the eye receiving acepro- 


mazine drops in group 1. Moreover, the 
IOP was measured in the dark; as such, it 
was not possible to know the exact IOP 
until after the measurement. This proce- 
dure was followed so as to minimize bias. In 
both eyes of each animal, IOP and other 
measurements of the anterior segment of 
the eye were measured at 1, 4, 8, and 24 
hours after instillation of the drops. In 
group 2, an additional examination and 
measurement of IOP were done 32 hours 
after instillation of the drops. The data on 
IOP were analyzed by using paired t tests 
and a repeated measures analysis of vari- 
ance with unequal time intervals. 


Second-Stage Studies 


The second-stage studies were conducted 
at least 3 to 4 weeks after the first studies. 
The objective of these studies was to inves- 
tigate the effects of acepromazine eye drops 
on Müllers eyelid muscle and on the pupil 
size in group 1 animals. As usual, the 
animals were tranquilized using intramus- 
cular ketamine hydrochloride (8 to 10 mg/kg 
of body weight). The pupil sizes and eyelid 
fissures of each monkey were then photo- 
graphed under room light illumination (15 
foot-candles), before any eye drops, using a 
flash camera with 1:1 magnification (Polar- 
oid CU-5). The eyelid height was photo- 
graphed while each monkey was in a prone 
position by supporting the head parallel to 
the floor without influencing the eyelids. 
The pupils were photographed next with 
the eyelids held open. In each case, the 
pupillary light reflex remained intact dur- 
ing ketamine anesthesia. After initial base- 
line photographs, one drop of commercially 
available acepromazine maleate solution 
was placed in either the right or left eye, as 
determined randomly, and 70 to 75 minutes 
later, each monkey was rephotographed in 
the same way as the initial photograph. 

Each eyelid fissure and pupil size were 
then measured at their maximal vertical 
height to the nearest 0.1 mm using the 
photographs with the aid of a 3:1 loupe 
magnifier with graticule. The measure- 
ments were taken by an observer (R.H.K.) 
who was unaware of which eye received the 
drop. Pretreatment interocular differences 
in the eyelid fissure and anisocoria were 
compared with posttreatment values by us- 


ing a one-tailed, paired Student's ¢ test. Pome 


values of less than .05 were regarded as 
significant. 

In group 2 animals, the pupil on the side 
of the argon laser application was not nor- 
mal because of the laser application, which 
made them unsuitable for the photographic 
studies mentioned above. The effects of 
acepromazine drops on Müllers eyelid mus- 
cle were studied separately in group 2 by 
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simple observation and not by photography; 
therefore, it was not possible to measure 
the ptosis exactly. 


Third-Stage Studies 


Based on the information supplied by the 
first- and second-stage studies, we per- 
formed the following studies 3 to 4 months 
after the second-stage studies to further 
investigate the subject. 

Diurnal Measurements of Baseline IOP 
in Untreated Group 2 Animals.—These 
were done in 10 of the 11 monkeys with 
glaucoma. One monkey was excluded be- 
cause it had had further laser application to 
the trabecular meshwork. The IOP was 
measured in both eyes of this group at 0, 
2.5, 5, 8, and 24 hours, starting at 8 AM. 

Dose-Response Studies.—These studies 
were conducted in four monkeys with 
glaucoma with moderately elevated IOPs 
(group 2). We administered acepromazine 
in concentrations of 1%, 0.1%, 0.01%, and 
0.001%. The IOP and eyelid fissures were 
measured at baseline and 1, 4, and 8 hours 
after instillation of the acepromazine drops. 
At least 2 days were allowed to elapse 
between studies. 

Studies Evaluating the Possible Con- 
tralateral Effects on the IOP in the Eye 
With Glaucoma After the Use of Acepro- 
mazine in the Normal Fellow Eye.— 
These studies were performed in the four 
animals used in the dose-response studies to 
investigate the possibility of contralateral 
effects produced by systemic absorption of 
acepromazine or by possible systemic hypo- 
tension. The [OP was measured, in both 
eyes, at baseline and then 1, 4, and & hours 
after instillation of 1% acepromazine drops 
in the normal eye. 


RESULTS 
intraocular Pressure 


The mean (=SD) IOP in normal 
eyes of rhesus monkeys at the baseline 
reading was 17+4 mm Hg. Data for 
repeated measurements of IOP over 
time in the treated eye alone (1), in 
the untreated eye alone (2), for the 
difference between the two eyes of an 
animal (3), and for diurnal measure- 
ments in eyes of the untreated group 2 
animals (4) were analyzed. By using 
univariate F tests and multivariate 
test statistics for a repeated measures 
analysis, analyses for (1), (2), and 
(3) were performed separately for 
groups 1 and 2 and for (4) for group 2 
only. Polynomial models were fit to the 
data. Means of the IOPs on repeated 
measurements in the various groups of 


—eyes in (1), (2), and (8) above are given 


in Table 1 and graphically shown in 
Figs 1 and 2; and for eyes in (4) above, 
they are shown in Fig 3. 

Group 1 (Normal Monkeys). —Uni- 
variate F tests as well as multivariate 
test statistics revealed no statistically 
significant change in any of the above 
types of measurements over time for 
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Group 1 (16 animals) 


Untreated eye alone 17.313 


18,250 16.563 





Treated eye alone 17.188 


18.125 16.375 





Group 2 (11 animals) 


Untreated eye alone 17.081 


16.182 16.727 





Treated glaucomatous eye alone 41.182 
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Fig 1.—Graphic representatior: of the mean 
intraocular pressures (IOPs) in various cate- 
gories of eyes at baseline, and at 1, 4, 8, and 
24 hours after administration of aceproma- 
zine maleate eye drops. The three lines at the 
bottom (Other Eyes) are those of untreated 
eyes of groups 1 (16 eyes) and 2 (11 eyes) 
and the 16 treated eyes of group 1. The top 
line is the 11 treated eyes of group 2. 


either the treated or the untreated 
eyes or in the difference between the 
two eyes (Table 2, Figs 1, 2, and 4). 

Group 2 (Monkeys With Unilateral 
Glaucoma).—The baseline IOPs in 
the 11 glaucomatous eyes were 80+, 
68, 55, 46, 41, 39, 28, 23, 22. 21, and 20 
mm Hg. The baseline IOPs between 20 
and 23 mm Hg were low but still 
represented an elevation as compared 
with the preglaucoma normal IOPs in 
those eyes. Univariate F tests as well 
as multivariate test statisties revealed 
that in the treated glaucomatous eyes 
there was a significant fall in IOP and 
in the difference in the IOP between 
the two eyes (Table 2, Figs 1, 2, 4, and 
5). In the untreated eye, by contrast, 
repeated measurements analysis 
showed no significant change over time 
(Table 2, Figs 1, 2, 4, and 5). 

These studies indicated that there 
was a significant change in the treated 
glaucomatous eye of the monkey but 
not in the untreated control eye. The 





33.364 23.636 











40 IT 
> ; ` — @ Glaucoma 
T s s. Normal 
E 
8 20 
D 
5 
= 
a 7 
a 15 
Q 
c k 
T 104 
= 
Qf pe 
-5 5 15 25 
Time, h 


Fig 2.—Graphic representation of the inter- 
ocular differences in the mean intraocular 
pressure (IOP) with SDs in group 2 (glauco- 
ma) and group 1 (normal) animals at base- 
line, and at 1, 4, 8, and 24 hours after adminis- 
tration of acepromazine maleate eye drops. 
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Fig 3.—Graphic plotting of mean intraocular 
pressure (IOP) on diurnal measurements of 
baseline IOP in 10 animals of group 2 without 
treatment of any kind. Glaucoma indicates 
eyes with experimental glaucoma; normal, 
normal fellow eyes. 


higher the pretreatment IOP, the 
greater was the fall following instilla- 
tion of the acepromazine eye drops 
(Fig 4). Eyes with an IOP in the low 
20s showed a very slight fall or no fall 
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Degree of Polynomial 


prammene nnen, 
Quadratic 


Category Linear 


Multivariate 


Cubic Quartic 





Group 1 (16 animals) 
Untreated eye alone 


Treated eye alone 


0.310 __ 





0.058 


0.581 
0.209 


0.168 
0.279 








Difference between the 
two eyes 


0.166 0.186 





Group 2 (11 animals) 
Untreated eye alone 


0.194 0.278 





Treated glaucomatous eye 


Difference between the 
two eyes 





0.679 0.055 





0.483 0.153 





Interocular difference in 
IOP" in group 2 vs 
group 1 


IOP indicates intraocular pressure. 





in their 10Ps, ie, they behaved almost 
like the group 1 eyes (Fig 4). In all the 
eyes with the baseline IOP in the high 
20s and higher, the IOP was main- 
tained at normal levels in all but one 
eye after acepromazine treatment, 
even when the last measurement was 
made 32 hours after instillation of the 
drops. In the eye that still had high 
IOP, it was 46 mm Hg at 32 hours as 
compared with 68 mm Hg at baseline. 
The IOP from 8 hours until the last 
‘measurement, 32 hours after adminis- 
tration of acepromazine, showed no 
statistically significant (P>.2) differ- 


--enee:-the low levels of IOPs were 


-maintained for at least 32 hours. Since 
the last reading for the study was at 32 
hours after administration of acepro- 
mazine, we cannot make any state- 
ment as to the total duration of the 
hypotensive effect of these drops. 
Interocular Difference in IOPs Be- 
tween the Two Groups.—The inter- 
ocular difference in the two eyes of an 
animal was determined separately for 
monkeys in group 1 and in group 2. 
Then we performed repeated measure- 


ments analysis for the interocular dif- 


ferences in IOP between the two 

“groups; the findings are shown graphi- 
cally in Fig 2. Univariate F tests as 
well as multivariate test statistics once 
again showed that there was a distinct 
change in the means over time and 
that change was significant in group 2 
but not in group 1 (Table 2). This 
indicates that there is indeed a differ- 
ence between the two groups. 

In the glaucoma group (group 2), we 
ran paired ¢ tests on the difference in 
TOPs at 8 and 24 hours and there was 
no significant (P= .566) difference be- 


_ = tween the IOPs at the two times. 
_. Likewise, a paired ¢ test on the differ- 
: ence in IOPs at 24 and 32 hours re- 






vealed. no significant difference 
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Fig 4.—Graphic representation of intraocu- 
lar pressures (IOPs) of both normal (group 1, 
16 eyes) and glaucomatous (group 2, 11 
eyes) eyes before topical acepromazine ma- 
leate therapy vs 8 hours after acepromazine 
therapy. Note that the posttreatment IOP is 
markedly reduced to approximately the same 
low level in the glaucomatous eyes regard- 
less of how high the pretreatment level was at 
baseline. Almost all points for glaucomatous 
eyes lie below the line of equality, demon- 
strating that a substantial lowering of IOP 
occurred. The normal eyes, however. 
showed little difference between pretreat- 
ment and posttreatment. 


(P = .252). 

Diurnal Measurements of Baseline 
IOP in Untreated Group 2 Ani- 
mals.—Figure 3 gives the means of 
IOP seen in this study. In group 2 
animals, we further investigated the 
difference in patterns of IOP with and 
without treatment with acepromazine. 
Figure 5, top, summarizes the data. It 
shows that while there was no appre- 
ciable difference in the patterns of IOP 
in the normal eyes in the two studies, 
the eyes with glaucoma did show a 
diurnal fluctuation. In the untreated 
eyes with glaucoma (study 2), there 
was a progressive decline in the IOP 
during the first 8 hours of the study, 





Mean IOP, mm Hg 














hr (ev) > 
< > N 


Mean IOP Difference, mm Hg 


œ 








-5 5 15 25 35 
Time, h 

Fig 5.— Top, Graphic plotting of mean intra- 
ocular pressure (IOP) over time in group 2 
animals. In study 1, glaucomatous eyes were 
treated with acepromazine maleate, with no 
treatment of the normal fellow eyes. In study 
2, diurnal measurements of IOP were done 
without any kind of treatment to both the glau- 
comatous and normal eyes. Glaucoma indi- 
cates eyes with experimental glaucoma; nor- 
mal, normal fellow eyes. Bottom, Graphic 
plotting of mean IOP differences between 
study 2 and study 1 over time. 


but the IOP went back to the baseline 
level at the 24-hour reading (at 8 AM). 
In the acepromazine-treated glaucoma- 
tous eyes (study 1), there was once 
again a progressive decline in the IOP 
during the first § hours, but this ocular 
hypotony was maintained until the end 
of the study for up to 32 hours. More- 
over, the IOP in study 1 was lower 
than in study 2, starting at 1 hour after 
the drops. 

In the glaucomatous eyes, we also 
considered the following: (1) Was there 
any correlation in the pattern of IOP 
change, over all or part of the 24-hour 
period, with and without treatment? 
(2) Was there a significant drop in the 
IOP over all or part of the 24-hour 
period when acepromazine drops were 
used, as compared with when they 
were not? (8) Was the fall in IOP 
recorded with acepromazine simply a 
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reflection of the normal diurnal varia- 
tion in IOP and not due to the acepro- 
mazine drops? 

To get this information, in eyes with 
glaucoma, IOP in study 1 (with treat- 
ment) was subtracted from the IOP in 
study 2 (untreated) at baseline, 4 to 5 
hours, 8 hours, and 24 hours; then we 
performed a repeated measures test on 
the data. Figure 5, bottom, gives the 
data for the mean differences in IOP 
between study 2 and study 1 over time 
for both the eyes with glaucoma and 
the normal eyes in group 2. Univariate 
F tests revealed a significant linear 
trend (P=.011) in the eyes with glau- 
coma; however, repeated measures 
test showed no higher-order trend in 
them. We also performed linear re- 
gression analysis in the glaucomatous 

eyes by plotting the fall of IOP during 

the first 8 hours in study 1 (with 
treatment) against the fall in IOP in 
study 2 (untreated); this revealed an 
increasing trend but no statistically 
significant (P= .189) correlation. This 
inconclusive result may be due to the 
sample size being too small in the 
present study. Thus, although all the 
data do show an increasing trend, with 
the limited available data, it is not 
possible to give a definite answer to 
these questions. It is possible that with 
a larger sample size, a definite correla- 
tion might emerge. 

Dose-Response Studies. — With 1%, 
0.1%, and 0.01% concentrations of ace- 
promazine, 1 hour after instillation of 
the drops, the fall in the mean IOP was 
similar (20% % to 23%). At 8 hours it was 
49%, 23%, and 10% with 1%, 0.01%, 
and 0.001%, respectively. Unfortu- 
nately, because of the marked halluci- 
nations produced by ketamine, it was 
not possible to get a reliable IOP mea- 
surement at 1 hour in one monkey with 
the 0.001% concentration and in anoth- 
er one at 8 hours with the 0.1% concen- 
tration. Using a two-tailed paired Stu- 
dent's t test, comparing the fall in IOP 
with the 1% concentration, at 1 hour 
the fall was not significantly different 
with the 0.1% and 0.01% concentra- 
tions; at 8 hours the fall in the IOP was 
less compared with 1% at a significance 
level of P=.07 with the 0.01% concen- 
tration and P=.025 with the 0.001% 
concentration. Because of the very 
small sample size, the results of the 


= dose-response studies cannot be con- 


sidered definite. 

Studies Evaluating the Possible 
Contralateral Effects on the IOP in 
the Eye With Glaucoma After the 
Use of Acepromazine in the Normal 
Fellow Eye.—These studies revealed 
no systemic effect and no effect on the 
IOP in the eye with glaucoma when 1% 
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Fig 6.—Top, This is a typical example of the normal monkey eyelid fissure (top segment) and 
pupil (bottom segment, lids helc open) that are shown in room light prior to treatment. Bottom, 
The same monkey is shown 70 minutes after topical acepromazine maleate therapy was given 
in the left eye. Note the development of ptosis in the treated eye, but with no effect on the pupil 
size. 


acepromazine was used in the normal 
fellow eye of an animal. 


Eyelid Fissure 


In every monkey of group 1, a no- 
ticeable asymmetry of the eyelid fis- 
sures was observed after 70 to 75 
minutes that was not present prior to 
treatment with acepromazine (Fig 6). 
The treated eye showed a ptotic upper 
eyelid and in many cases an upside 
down ptosis of the lower lid. About 7 


hours after instillation of the drops, 
slight ptosis was still present in six 
eyes, marked ptosis was present in 
three eyes, and no ptosis was present 
in seven eyes. Eyelid asymmetry be- 
fore treatment with 1% topical acepro- 
mazine and after the drug in group 1 
animals demonstrated a marked in- 
crease (Fig 7). Students ¢ test was 
highly significant (P<.001). 

In 11 animals of group 2, the eyelid 
fissure was evaluated without photog- 


Acepromazine —Hayreh et al 





Eyelid Fissure, mm, Untreated Eye 


0 2 4 6 8 10 
Eyelid Fissure, mm, Treated Eye 


Fig 7.— Graphic representation of vertical di- 
mension of eyelid fissure (in group 1, 16 eyes) 
of the eye treated (or to be treated) with topi- 
‘cal acepromazine maleate vs the fissure size 
of the untreated eye. Dimensions are shown 
for pretreatment (squares) and 70 to 75 min- 
utes after the drug treatment (circles). Points 
that lie above the line show a fissure asymme- 
try where ptosis is present in the treated eye. 


raphy. These animals also showed pto- 
sis that was mostly minimal; 7 to 8 
hours after the drops, ptosis was still 
present in one of the animals. The 
dose-response study revealed that the 
lid asymmetry was significantly 
(P<.05) increased at 1 hour using the 
1% concentration but not the lower 
concentrations. 


Pupil Size 


In group 1 animals, no significant 
change (P=.23) in anisocoria resulted 
from topical acepromazine therapy. 
The frequency distribution of the ini- 
tial anisocoria showed no increase or 
decrease compared with posttreatment 
measurements (Fig 8). In group 2, 
although the pupils were not photo- 
graphed, slit-lamp examination re- 
vealed no change in the pupil size with 
acepromazine drops. Therefore, al- 
though topical acepromazine therapy 
reliably produced significant ptosis in 
all 16 monkeys of group 1, there was 
no measurable effect on pupil size. 


Anterior Segment of the Eye 


Serial slit-lamp examination in all 
eyes showed no detectable change in 
the conjunctiva, cornea, anterior 
chamber, iris, and pupil size with the 
use of acepromazine eye drops 
throughout the period of observation 
in these studies. 


COMMENT 


_ As outlined in the beginning of this 
article, our primary objective was sim- 


ply to investigate the clinical effects of 


1% acepromazine eye drops on IOP 


: and not to investigate aqueous humor 
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Fig 8.—Graphic representation of vertical 
pupil dimension (in group 1, 16 eyes) of the 
eye treated (or to be treated) with topical ace- 
promazine maleate vs the pupil size of the 
untreated eye. Note lack of effect of topical 
acepromazine therapy on pupil diameter. Di- 
mensions are shown for pretreatment 
(squares) and 70 to 75 minutes after the drug 
therapy (circles). Points that lie above or be- 
low the line represent anisocoria and show no 
trend as a result of treatment. 


dynamics. We did not study and cannot 
comment fully on the mechanism of the 
fall in IOP produced by these drops in 
eyes with raised IOPs. Moreover, to 
our knowledge, the effects of topical 
application of acepromazine on the eye 
have never been investigated before, 
so no information on the subject is 
available in the literature. Aceproma- 
zine is a phenothiazine derivative, and 
like chlorpromazine and many ana- 
logues, it produces the blockade of a,- 
adrenergic receptors that cause vaso- 
dilatation, thus decreasing vascular 
resistance. Acepromazine produces ar- 
terial hypotension when it is adminis- 
trated parenterally, which may be re- 
lated to the inhibition of a -adrenergic 
receptors. Also, chlorpromazine is 
known to prolong and, under suitable 
circumstances, intensify pressor re- 
sponses to norepinephrine, or the re- 
sponse to norepinephrine may be un- 
changed while that to epinephrine is 
dramatically reversed.’ Acepromazine 
also has weak anticholinesterase activ- 
ity due to inhibition of plasma cholines- 
terase.” Ballard et al’ studied its phar- 
macokinetics in horses and found a 
high degree of protein binding after 
parenteral administration. 

There is a body of literature contain- 
ing information on the effects of other 
topical a-adrenergic antagonists on 
aqueous humor dynamics and IOP. a- 
Adrenergic antagonists are known to 
lower IOP in animals and humans,** 
and it has been speculated that this 
may involve several receptor mecha- 
nisms and result in a reduced aqueous 
formation, increased outflow facility, 
or increased uveoscleral outflow.”” 








Discussion of the possible mechanisms 
by which these agents lower IOP is 
highly theoretical because of the lack 
of knowledge concerning function, lo- 
cation, and subtypes of a-receptors in 
the eye. There is little firm information 
about dopamine receptor antagonists 
in the eye and their effect on IOP. 
There are also large interspecies varia- 
tions. Recently, Gharagozloo et al” re- 
viewed and summarized the relation- 
ship between adrenergic receptors and 
aqueous dynamics, which, according to 
them, still remains unclear, particular- 
ly for the a-adrenergic system. The 
picture becomes even more confusing 
when the effects of the various a- 
adrenergic antagonists are considered 
collectively on the IOP, pupil size, and 
eyelid fissure because they vary mark- 
edly for different agents. For example, 
moxisylyte (Thymoxamine hydrochlo- 
ride), an «,-adrenergic antagonist, has 
no effect on IOP but causes miosis in 
humans and primates.”""” On the oth- 
er hand, prazosin hydrochloride, an- 
other a,-adrenergic antagonist, has lit- 
tle pupillary effect but lowers IOP 
appreciably by decreasing aqueous se- 
cretion” in rabbits, 

Based on this extremely brief re- 
view of available information on the 
pharmacology of acepromazine and the 
effects of a,-antagonists on IOP, we 
ean only suggest a few possible mecha- 
nisms for the ocular hypotensive effect 
of acepromazine eye drops on glauco- 
matous eyes. The hypotensive effect of 
a topical dose of acepromazine in these 
eyes is in all likelihood due to direct 
action in the eye because the topical 
dose (one drop) is too small to influence 
the IOP via systemic action, as was 
indicated by the lack of any systemic 
effects or changes in IOP in the glauco- 
matous eye when acepromazine was 
administered to the normal fellow eye. 
The angle of the anterior chamber in 
all the glaucomatous eyes of our series 
had been heavily treated with laser 
and the rise in IOP was caused by a 
block in the outflow—some of these 
eyes had a variable amount of periph- 
eral anterior synechiae as well. There- 
fore, the chances of acepromazine pro- 
ducing increased outflow of aqueous 
seem very small. It would seem more 
likely that the fall of IOP seen with 
topical acepromazine is from reduced . 
aqueous humor production; however” 
we did not investigate the aqueous 
dynamics in this study and, therefore, 
we cannot comment on that. The other 
riddle is as follows: why did eyes with 
normal IOP before treatment. show no 
fall in IOP with the drops? Phenothi- 
azine derivatives are known to block 
dopamine receptors in the brain, but 
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we have little information about the 
presence or function of dopamine re- 
ceptors in the ciliary body. Thus, these 
theoretical receptor actions need fur- 
ther study to determine the exact 
mechanism by which acepromazine 
produces the fall in IOP in glaucoma- 
tous eyes when administered topically 
as well as systemically. One assumes 
that the findings in rhesus monkeys 
will be applicable to humans because of 
the similarity in the anatomy and 
physiology of the aqueous humor dy- 
namics in the two species. Thus, at this 
stage of our knowledge, we cannot 
make any definite statement on the 
mechanism of the ocular hypotension 
seen in the glaucomatous eyes. 

Diurnal repeated measurements of 
IOP in the glaucomatous eyes not 
treated with acepromazine revealed a 
progressive fall in IOP during the first 
8 hours of recording from 8 AM onward 
(Figs 3 and 5, top). It could be argued 
that this normal fall was largely re- 
sponsible for the initial fall in IOP seen 
with acepromazine (Figs 1 and 5, top). 
Various statistical analyses revealed 
no statistically significant correlation 
between the two, although a distinct 
trend was present. However, IOP re- 
cordings at 24 hours showed a clear 
dichotomy between the two patterns 
(Fig 5, top), with the IOP going back 
to the baseline level in eyes without 
acepromazine treatment while it re- 
mained low for the 32 hours of the 
observation period in the aceproma- 
zine-treated eyes. 

The absence of any changes in pupil 
size is hard to explain, because a,- 
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adrenergic blocking agents nermally 
allow miosis to occur. It could be ar- 
gued that lack of pupil effect implies 
that the drug is not penetrating 
through the cornea into the anterior 
chamber in sufficient quantity to be 
effective, but that is not true because 
all eyes with high IOPs showed a fall in 
IOP, evident 1 hour after instillation, 
reaching its maximum sometime be- 
tween 4 and 8 hours, and still main- 
tained after 32 hours (Tables 1 and 2, 
Figs 1, 2, 4, and 5, top). it could be 
argued that a higher concentration of 
the drug may produce pupillary 
changes but not at the concentration at 
which it affects the IOP Al eyes 
treated with acepromazine drops 
showed transient ptosis. Appreciable 
effect of acepromazine on the eyelid, 
but not on the pupil size, might be 
explained by a possible difference of 
receptor properties between Miiller’s 
muscle and dilator pupillae or by the 
fact that the concentration of the drug 
at the two end organs is markedly 
different. 

Acepromazine is not free of side 
effects. We have seen in this study 
that it produces ptosis, although tran- 
sient. Ocular side effects from pro- 
tracted systemic use of phenothiazine 
derivatives for several years are well 
known, mainly due to their affinity for 
the melanin of the uveal tract and 
pigment epithelium; these ecular com- 
plications include conjunctival pigmen- 
tation, corneal and lens deposits, pig- 
mentary retinopathy, photosensiti- 
zation, and phototoxicity in the eyes. 
As yet, we have no information wheth- 
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er topical use of acepromazine will 
produce similar ocular side effects, 
and, if so, how long the compound 
must be administered. These side ef- 
fects of acepromazine would seriously 
limit its use as a regular antiglaucoma 
agent. 


CONCLUSIONS 


This study has revealed that acepro- 
mazine eye drops had a selective ocular 
hypotensive effect, ie, the compound 
was effective in reducing raised IOP to 
normal, but it had no hypotensive ef- 
fect in eyes with normal IOPs. A hypo- 
tensive effect was maintained for more 
than 32 hours after a single application 
in most eyes. The exact mechanism of 
fall of IOP with acepromazine was not 
investigated by us and remains un- 
known. The compound did not alter 
pupil size. One side effect of therapy 
detected was the invariable develop- 
ment of transient ptosis on the side of 
application. Whether repeated topical 
administration of acepromazine would 
produce other ocular side effects, 
which have been described following 
prolonged systemic administration of 
the various phenothiazine derivatives, 
remains a serious possibility and needs 
to be investigated. 
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.. Exudative Retinal Detachment After Photodynamic Injury 


Charles A. Wilson, MD; Angela J. Royster, MD; James S. Tiedeman, MD, PhD; Diane L. Hatchell, PhD 


+ Exudative retinal detachments occur 
in a variety of retinal and choroidal dis- 
eases. We created serous retinal detach- 
ment in the cat eye by means of photody- 
namic injury produced by activation of 
intravascular rose bengal using filtered, 

focused light (550 nm). Fluorescein angi- 


- ography later revealed focal retinal and 


‘choroidal vascular occlusion surrounded 
by a larger area of leakage through the 
pigment epithelium. Serous retinal de- 
tachments occurred rapidly, gradually 
‘enlarged over the next 3 days, and re- 
solved in all eyes after 14 to 21 days. 
Histopathologic and ultrastructural fea- 
tures of early lesions included the accu- 
mulation of proteinaceous fluid in the 
subretinal space, pigment epithelial cell 
damage, and localized occlusion of re- 
tinal vessels and the choriocapillaris. 
Later changes consisted of limited re- 
generation of the retina and portions of 
the tapetum. In several respects, these 
experimental detachments resemble the 
serous retinal detachments associated 
with choriodal ischemia in humans, and 
"may serve as a useful model in the study 
; C microvascular hypoper- 
<tusion: 
(Arch Ophthalmol. 1991;109:125-134) 


xudative retinal detachment is an 

important cause of vision loss in a 
wide range of diseases, including hy- 
pertensive retinopathy, toxemia of 
pregnancy, central serous choroido- 
pathy, and posterior uveitis. Various 
mechanisms have been suggested to 
explain these detachments. For exam- 
ple, choroidal ischemia is associated 
with serous retinal detachments occur- 
ring in hypertension and toxemia of 
pregnancy.” In central serous choroi- 
dopathy, primary dysfunction of the 
retinal pigment epithelium (RPE) has 
been proposed. Choroiditis may dam- 
age the pigment epithelium directly or 
cause vascular occlusion with second- 
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ary breakdown of the outer blood- 
retinal barrier. Other mechanisms 
have been advanced to explain serous 
detachments associated with choroidal 
tumors, retinal venous obstruction, 
and choroidal effusion syndrome.” 

We produced exudative retinal de- 
tachments similar to those seen in the 
above diseases by photochemically 
damaging the retina and choroid in cat 
eyes. A photosensitizing dye, rose ben- 
gal, was administered intravenously 
for this purpose and was activated in 
the eye by focused light. In previous 
studies, we occluded preretinal and 
choroidal vessels in rabbits by this 
method, but retinal detachments were 
not observed.” Winward et al,* howev- 
er, recently reported serous retinal 
detachments as a complication of encir- 
cling photothrombotie therapy for cho- 
roidal melanoma in rabbits. 

Photosensitizing agents have be- 
come increasingly popular in the pro- 
duction of localized vessel occlusion or 
tissue damage for a variety of experi- 
mental purposes. These include the 
production of a new model of stroke,”” 
ablation of corneal neovasculariza- 
tion," and treatment of ocular or 
nonocular tumors. ™™" 

This report deseribes the clinical, 
histologic, and ultrastructural features 
of exudative detachments at various 
times after photodynamic injury in the 
cat eye. 


MATERIALS AND METHODS 


Twelve cats of either sex, weighing 3 to 6 
kg, were used. The animals were treated in 
accordance with the Association for Re- 
search in Vision and Ophthalmology resolu- 
tion on the use of animals in research. 
During all procedures, the cats were anes- 
thetized by intramuscular injection of keta- 
mine hydrochloride (20 mg/kg) and acepro- 
mazine maleate (0.5 mg/kg). The pupils 
were then dilated with topical phenyleph- 
rine hydrochloride (5%) and tropicamide 
(0.25%). Fluorescein angiography and color 
photography were performed before and 
after treatment, by means of a fundus cam- 
era (Topcon TRC 50VT; Topcon Instrument 
Corp, Paramus, NJ). For angiography, 
aqueous sodium fluorescein (10%) was in- 
jected via a forelimb vein (0.2 mL/kg). 

Rose bengal (tetrachloro-tetraiodo-fluo- 
rescein sodium; Sigma Chemical Co, St 
Louis, Mo; certified purity, 90%) was pre- 
pared in a concentration of 7.5 mg/mL in 
normal saline and then drawn through a 
0.22-pm filter. One minute before light 
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exposure, a dose of 10 mg/kg was injected 
intravenously. A xenon photocoagulator 
(Clinitex; Varian Associates Inc, Danvers, 
Mass), filtered to a center wavelength of 
550+ 10 nm (filter P70-550-A; Corion Corp, 
Holliston, Mass) was used as the light 
source. This wavelength was appropriately 
matched to the absorption characteristics of 
rose bengal.” The irradiance and time of 
exposure were varied as shown in the Ta- 
ble. The area of retinal exposure was ap- 
proximately one disk diameter, and the site 
of exposure was over the tapetum in all 
eyes. This site was selected after prelimi- 
nary experiments showed that nontapetal 
lesions did not reliably produce retinal de- 
tachments. Four control eyes received max- 
imal light exposure (120 mW/em* for 4 
minutes) before the administration of rose 
bengal. Irradiance was measured by means 
of a radiometer (YSI-Kettering model 65A; 
Yellow Springs [Ohio] Instrument Co Inc) 
placed 2 em from the light source, which 
approximated the distance from the cornea. 

Fandus photography and fluorescein an- 
glography were performed on selected ani- 
mals at 1 hour and 2 days after light 
exposure and on all animals at 3, 7, 14, 21, 
28, 56, 84, and 112 days, as dictated by the 
length of follow-up. Animals were killed at 
selected intervals by intravenous injection 
of pentobarbital sodium (100 mg/kg), and 
the eyes were fixed for light and electron 
microscopy. Light microscopic studies were 
performed on three control eyes at each of 
the following times: 1 hour, 3 days, and 7 
days. Light and electron microscopie stud- 
ies were performed on one control eye at 7 
days and one experimental eye at each of 
the following times after treatment: 1 hour 
and 3, 7, 14, and 28 days. Later times were 
not studied because eyes had reached a 
stable clinical and angiographic appearance 
by 28 days. 

After enucleation, the eyes were fixed in 
a 1:1 solution of 4% paraformaldehyde and 
5% glutaraldehyde overnight, after which 
the posterior segment was dissected and 
fixed for 90 minutes in 4% buffered osmium 
tetroxide. The tissue was then washed 
three times with phosphate buffer, dehy- 
drated for 10-minute intervals in increasing 
concentrations of ethyl alcohol, and embed- 
ded in a low-viscosity epoxy resin. Thick 
sections for light microscopy were stained 
with methylene blue and basic fuchsin. Thin 
sections for electron microscopy were 
stained with uranyl acetate-lead citrate and 
examined with an electron microscope 
GEOL 1200EX), 


RESULTS 
Clinical Findings 


Retinal Detachment.—All of 11 
experimental eyes developed serous 
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Duration of Exposure, 
min; Dose, J 


Peak Extent of 
Detachment * dt 


Time of Peak 
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Follow-up 





Experimental Eyes 


120;4;22.6 


Focal bleb formation ee th 





120:4;22.6 


2 Quadrants /bullous Mae 2d 





120;4;22.6 


3 Quadrants/ bullous 3d 





120;4;22.6 


3 Quadrants / bullous 7d 





120;4;22.6 


3 Quadrants / moderate 14d 





120;4:22.6 


4 Quadrants / bullous 


28d 





120;4;22.6 


4 Quadrants / bullous 


4mo 





120;2;11.3 


2 Quadrants / bullous PE 2d 





40;4;7.5 


3 Quadrants /bullous 3d 





40:2;3.7 


2 Quadrants / bullous 





40;2;3.7 





2 Quadrants / shallow 


to bullous 
Control Eyest 


120;4;22.6 None 





120;4;22.6 None 





120;4;22.6 None 





120;4;22.6 None 


* Extent graded as follows: shallow (choroidal features easily seen), moderate (choroidal details obscure), 





and bullous (no choroidal features visible, convex surface). 


tEyes followed up for at least 3 days. 


Received light exposure before injection of rose bengal. 
§Focal retinal pigment epithelial staining in late phase of angiography. 


retinal detachments after photody- 
namic treatment (Table). The highest 
light intensity and dose (120 mW/em’; 
22.6 J) invariably produced large (usu- 
ally bullous) detachments involving 
three or more quadrants (Color Fig 1). 
Lower light doses (11.8 J or less) pro- 
duced detachments involving, at most, 
two or three quadrants. 

The course of detachment was con- 
sistent, with an onset no later than 5 
minutes after light exposure, increase 
in size and height until day 3, and 
gradual retinal reattachment by day 14 
to 21. Subretinal fluid generally settled 
inferiorly into a dependent position 
over the nontapetum by 1 week, leav- 
ing shallower detachments superiorly. 
Degenerative retinal “cysts” often ap- 
peared in the area of the lesion. No 
retinal detachments were observed in 
four control eyes (exposed to maximal 
light intensity before the injection of 
rose bengal). 

Retinal Vessels.—A progressive fo- 
cal decrease in retinal blood flow was 
observed during light exposure in ex- 
perimental eyes. For example, blood 
flow was noticeably slowed in small 
branch vessels and later stopped (as 
evidenced by stagnant cellular de- 


-  *bris) within the period of a 4-minute 


light exposure at an intensity of 120 
mW/em’, White thrombi (presumably 
composed of platelets) were also seen 
. in vessels during and after the proce- 
dure. Small thrombi were often noted 
to migrate slowly downstream. One 
hour after exposure, fluorescein angi- 
ography showed delayed filling of large 
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vessels within and surrounding the 
area of direct light exposure (Fig 1, C 
and D). These vessels stained and 
leaked fluorescein in the recirculation 
phase. In addition, areas of microvas- 
eular (capillary) nonperfusion were 
seen between the large vessels. After 
3 days, the areas of nonperfusion be- 
came more clearly delineated but did 
not change in size (Fig 1, E and F). 
Large vessels continued te shew leak- 
age and delayed filling, and small 
thrombi (both mobile and immobile) 
could be seen. Occasionally, small reti- 
nal blot hemorrhages were noted sur- 
rounding the central area of damage 
(Color Fig 1, center right). 

Reperfusion of occluded vessels was 
first noted 7 days after injury (Fig 1, G 
and H). Many capillaries, however, 
remained nonperfused. Limited capil- 
lary reperfusion was noted at 14 and 28 
days (Fig 1, I and J). In ene eye 
followed up for 112 days, some of these 
reperfused capillaries appeared to oc- 
clude secondarily (Fig 1, K and L). 

Decreased light intensity (40 
mW/cm’) resulted in less extensive ret- 
inal vascular damage and occlusion 
(not illustrated). Control eyes showed 
no retinal vascular changes. 

Choroid and Pigment Epitheli- 
um. —One hour after light exposure in 
experimental eyes, fluorescein angiog- 
raphy demonstrated marked hyper- 
fluorescence and leakage through the 
pigment epithelium surrounding “bleb- 
shaped” retinal detachments (Fig 1, C 
and D). This leakage, while confined to 
the tapetum, was widespread in eyes 





Color Fig 1.—Cat 7, right eye. Exudative reti- 
nal detachment produced with the highest 
light intensity and dose (120 mW/cm’; 22.3 J) 
shown before (top left), 1 hour after (top right), 
and 3 (center left), 7 (center right), 14 (bottom 
left), and 28 (bottom right) days after light 
exposure. The area of direct light exposure 
was approximately one disk diameter and 
could be seen as a focus of retinal whitening 
(arrow) after 1 hour. Retinal detachment in- 
creased until day 3 and had resolved by day 
14. Intraretinal cystic lesions appeared be- 
tween days 7 and 14 (arrowheads). Scattered 
blot-shaped retinal hemorrhages were also 
seen at day 7 (arrow). 


Color Fig 2.—Cat 5, right eye, 1 hour after 
photodynamic treatment. Left, Red serous 
retinal detachment. Right, Subretinal fluores- 
cence exhibited by rose bengal. 


treated at the highest light intensity 
(120 mW/em’). Before fluorescein in- 
jection, the area of detachment also 
displayed a dim red fluorescence con- 
sistent with the accumulation of rose 
bengal in the subretinal fluid (Color 
Fig 2, left). After 7 days, when the 
detachment had settled enough to al- 
low a view of the underlying choroid, 
nonperfusion of the choriocapillaris 
was observed within and around the 
lesion (Fig 1, G and H). After 14 days, 
however, scattered punctate areas of 
fluorescein filling became visible (Fig 
1, I and J). These areas appeared to 
correspond to penetrating vessels that 
normally communicate between the 
deep choroidal vessels and the chorio- 
capillaris. Despite the reappearance of 
these vessels, much of the damaged 
choriocapillaris remained nonperfused 
for the length of the study. In one eye 
observed for 112 days, a slow resolu- 
tion of pigment epithelial leakage was 
noted (Fig 1, K and L). 

Two of the four control eyes (all 
treated at a light intensity of 120 
mW/cm’) showed a small area of pig- 
ment epithelial staining confined to the 
area of direct light exposure in the late 
phase of angiography. However, no 
vessel occlusion or subretinal fluores- 
cein accumulation was observed. 


Histologic and Ultrastructural Alterations 


Control Eyes.— None of four con- 
trol eyes (exposed to the same light 
intensity and dose as experimental 
eyes, but before administration of rose 
bengal) showed clinical evidence of 
vascular occlusion or retinal detach- 
ment. Histopathologic examination re- 
vealed very mild disarrangement of 
the outer segments in the area of light 
exposure, but no pigment epithelial 
changes. The normal photoreceptor- 
pigment epithelium interface was well 
preserved, with no evidence of subre- 
tinal fluid formation. 


Experimental Eyes. — Histologic 
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Fig 1.—Cat 7, right eye. Fluorescein angiographic studies before {A and B), 1 hour (C and D) after, and 3 (E and 
F), 7( G and H), 28 ( and J), and 112 (K and L) days after light exposure (see also Color Fig 1). Transit (left) and 
recirculation (right) phases are shown. At 1 hour, retinal nonperfusion was surrounded by diffuse leakage 

thelium. Retinal vascular leakage persisted through day 7, at which time smail areas of 


either retina o tively intact anc d ali 
choroid. ented at th i 
dlistinguishat e from those in the sur- 
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in Bs 
3 j retinal vessels but consider: able isch- 
damage coreceptor oute yments were rela emic de aration of the detached reti- 
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retinal capillary reperfusion were noted (arrow). At 28 days, choroidal nonperfusion and leakage remained, as did 
the majority of retinal capillary nonperfusion. Punctate areas of fluorescence indicated that choroidal feeder 
vessels were perfused (arrow). Reduced choroidal leakage was noted at 112 days, but capillary nonperfusion 
was still seen, as was secondary nonperfusion of some retinal capillaries. 


(Fig 2, center). Outside the a 
clinically observed photothrombosis, 
the retina had become detached by the 
ac cumulation of subretinal exudate but 

therwise undamaged. 
Resorption of subretinal fluid and 
settling of the retina was noted by 
treatment. The neural 
1, with c 
plete loss of the photoreceptor outer 
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Fig 2. —-_ighi photomicrographs at 1 hour (top), 3 days (center) and 28 
days (bettom) after photodynamic injury. Exudative detachment oc- 
curred im and around the area of direct light exposure by 1 hour and 
peaked at 3 days. Proteinaceous fluid can already be seen in the 
subretinal space at 1 hour, but the retina. except for vascular occu- 
sion, appears normal. Progressive ischemic degeneration of the retina 
iS seen t occur over time. The internal limiting membrane has sepa- 
rated at 28 days (arrow) (original magnification x 200 [top], = 200 
[center]. < 780 [bottom)). 


Fig 3. —Top. Higher-power view of Fig 2, top right, 1 hour after treat- 
ment shows retinal vascular occlusion with platelets and stagnant red 
blooc cells (arrow) in the area of direct light exposure. The architecture 
of the neural retina appears well preserved (original magnification 
x 409). Eottom. Light photomicrograph at 7 days after treatment. 
Neural retina shows marked ischemic damage and loss of photore- 
ceptcrs and outer nuclear layer (original magnification = 600). 








clinical appearance of retinal cysts. No 
regeneration of the photoreceptors or 
retinal vessels was noted in the area of 


severe retinal damage. Occasionally, 
cells with glial morphologic character- 
isties were seen in the lumina of oc- 
cluded vessels. 


RPE and Choroidal Alterations 


As early as 1 hour after treatment, 
light microscopic examination of the 
choroid in and around the area of di- 
rect light exposure demonstrated vas- 
cular occlusion exclusively involving 
the choriocapillaris and the feeder ves- 
sels that penetrated the underlying 
tapetum. The large, deep choroidal 
vessels remain@d_intact and perfused 


E 
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(Fig 5, top). Electron microscopy of 


occluded vessels showed lamina filled 
with platelets, stagnant red blood 
cells, and cellular debris «Fig 5, bot- 
tom). Retinal pigment epithelial cells 
were focally disrupted, while those 
that remained showed inzracytoplas- 
mic vacuolization and loss of apical 
microvilli. Attachments between some 
RPE cells appeared intact. even when 
the lateral cell membranes external to 
the tight junctions appeared damaged 
(Fig 6) The photoreceptor outer seg- 
ments were fragmented and vacuo- 
lated at their tips, possibly as a result 
of direct phototoxic injury or mechani- 
cal forces created by an expanding 
volume of subretinal flud (Fig 5, 


bottom). 

Three days after treatment, the cho- 
roidal capillaries within the lesion re- 
mained occluded, and the adjacent 
structures showed more pronounced 
evidence of damage (Fig 7). Light and 
electron microscopy revealed complete 
degeneration of the pigment epitheli- 
um in the area of photodynamic dam- 
age, with only fragments of vacuolated 
cells remaining. 

Recanalization of the choriocapillaris 
and feeder vessels was noted in a few 
areas by day 7 (Fig 8). Electron mi- 
croscopy of these capillaries revealed 
enlarged endothelial cells containing 
abundant rough endoplasmic reticu- 
lum. These cells were located within 
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Fig 4.—Electron micrograph at 7 days shows a retinal vessel still 
occiuded with platelets and endothelial debris. The basement mem- 
brane and surrounding retinal cells remain intact (original magnifica- 
tion x 17 000), 


Be Far se 


Fig 5.—Top, Higher-power view of Fig 2, top, 1 hour after treatment 
showing occlusion of choriocapillaris and a feeder vessel (arrow). 
Large, deep choroidal vessels are patent (original magnification 
x 600). Bottom, Electron micrograph from the same eye at the edge of 
the detached retina (still within the photodynamic lesion) shows oc- 
cluded choriocapillaris and feeder vessel. The pigment epithelium is 
focally damaged, with loss of normal apical microvilli but retention of 
attachments between some cells. Tips of photoreceptor outer seg- 
ments are vacuolated and fragmented. Proteinaceous fluid is present 








the denuded basement membrane of 
the former vessel. Most vessel lum- 
ina, however, still contained stagnant 
blood cells and debris. Intact pigment 
epithelial cells were occasionally noted 
in their usual location. Closer examina- 
tion of these cells revealed cytoplasmic 
extensions encircling some choroidal 
capillaries. 

Histopathologic examination 14 days 
after treatment continued to show a 
reduced number of patent choroidal 
capillaries within the area of direct 
photodynamic injury. This correlated 
with the angiographic finding of focal 
choroidal microvascular nonperfusion. 
A number of feeder vessels, however, 
appeared to have recanalized (Fig 9). 
Retinal pigment epithelial cells were 
present in isolated areas but lacked the 
normal apical microvilli, At 28 days, no 
changes were seen in the choroidal 
vascular appearance. 


Tapetal Alterations 


One hour after photodynamic injury, 
-the tapetal cells adjacent to the occlud- 
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within the subretinal space (original magnification x 2400). 


ed choriocapillaris were only slightly 
altered. Ultrastructural examination 
revealed little disturbance of the nor- 
mal alignment of the intracellular crys- 
talline bundles (Fig 5, bottom). 

By 3 days, however, the inner half of 
the tapetum had developed noticeable 
degenerative changes (Fig 7). Electron 
microscopy of tapetal cells in this re- 
gion showed some loss of the normal 
linear arrangement of the crystal- 
lne bundles and irregular morpho- 
logic characteristics. Polymorphonu- 
clear leukocytes were occasionally 
noted within damaged tapetum. 

Further degenerative changes were 
noted at day 7, which included clump- 
ing of the crystalline bundles (Fig 8). 
Again, damage was confined to the 
inner layers of the tapetum, with the 
outer layers appearing normal. By 14 
and 28 days after treatment, most of 
the debris from the damaged cells had 
been cleared away, and a few layers of 


Exudative Retin. 


intact tapetal cells remained beneath 
Bruch’s membrane (Fig 2, bottom). 


COMMENT 


The purpose of this investigation 
was to develop and characterize an 
animal model of exudative retinal de- 
tachment after photodynamic injury. 
Using the potent photosensitizing 
dye rose bengal, we were able to in- 
duce progressive serous retinal de- 
tachments in the cat eye. Diffuse 
breakdown of the blood-retinal barrier 
and focal vessel thrombosis were cre- 
ated by exposing a small area of retina 
(approximately one disk diameter) to. 
spectrally filtered xenon light (550 nm) 
after intravenous injection of the dye. 
Leakage through the pigment. epitheli- 
um was extensive and was likely to 
have contributed in large part to the 
formation of subretinal fluid. All reti- 
nas were treate¢ he tapetum, 
resulting in ithin and 









(original magnification = 10 400). 


Fig 7.—Top, Light photomicrograph at 3 days after treatment shows 
damaged inner and normal outer layers of the tapetum. The chorioca- 
pillaris is still occluded, and retinal pigment epithelial cells have disap- 
peared (original magnification x 600}. Bottom, Electron micrograph at 
3 days shows possible endothelial cell regeneration in an isolated 
vessel of the choriocapillaris. The vessel remains occluded with stag- ; 
nant blood cells, which are lying against bare capillary basement 

membrane. Polymorphonuclear leukocytes are seen within damaged 
tapetum. Proteinaceous fluid and retinal pigment epithelial cellular 
debris are present in the subretinal space. Bruch’s membrane is intact 


(original magnification x 9600). 


outside the area of direct light expo- 
sure. This effect may be attributed to 
the high reflectivity of the tapetum, 
which amplifies and increases light 
scattering. In contrast, the human eye 
does not possess a reflective tapetum 
layer and would therefore be expected 
to produce less light scattering under 
similar illumination. 

In humans, exudative (nonrheg- 
matogenous) retinal detachment can 
occur in a variety of diseases, par- 
ticularly those causing choroidal isch- 
emia. Examples of these include malig- 
nant hypertension, toxemia of preg- 
-naney, disseminated intravascular co- 
agulation, thrombotic thrombocytope- 
nic purpura, Goodpasture’s syndrome, 
scleroderma, and Harada’s disease.” 
In accelerated hypertension, Klein’ 
demonstrated a relationship between 
focal choroidal vascular infarction, de- 
generation of the overlying RPE, and 
exudative retinal detachment. In her 
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Fig 6.—Electron micrograph at 1 hour after treatment illustrating at- 
tachment (arrow) between damaged retinal pigment epithelial cells 





cases, the exudate presumabiy origi- 
nated in the choroid and entered the 
subretinal space through disrupted 
pigment epithelium. Cogan” showed 
similar changes in the eves of patients 
with disseminated intravascular coagu- 
lation, an uncontrolled process of intra- 
vascular clotting. In his study, retinal 
detachments were associated with oc- 
clusion of the choriocapillaris and near- 
by vessels by granular (platelet-rich) 
or hyaline (organized) thrombi. The 
adjacent pigment epithelium also ap- 
peared damaged. Platelet micro- 
thrombi have likewise been blamed for 
serous retinal detachments occurring 
in thrombotic thrombocytopenic pur- 
pura." 

The above human studies =" sug- 
gest that the combination of choroidal 
vascular occlusion and pigment epithe- 
lial damage is sufficient fer the devel- 
opment of exudative retinal detach- 
ment. Similar conditions were found in 





the present model, although a variety 
of mechanisms could be implicated. 
After photodynamic injury, the RPE, 
which normally regulates fluid move- 
ment between the choroid and retina, 
was no longer a barrier to the move- 
ment of fluid into the subretinal space. 
In addition, passive retinal adherence 
(the interdigitation of photoreceptor 
outer segments and the apical portions 
of RPE cells) and fluid transport by 
RPE cells (which normally proceeds in 
the direction of the choroid) were un- 
doubtedly impaired. Focal vascular oe- 
clusion could also result in congestion 
of proximal vessels, thereby accelerat- 
ing exudation. The exudate, if rich in 
serum-derived proteins, could act to 
increase oncotie pressure within the 
subretinal space, drawing more water 
from the vitreous or other sources. 
Both retinal and choroidal vessels 
were damaged, but because of the 
proximity of the choriocapillaris te the 
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subretinal space and the relatively 
greater blood flow in the choroid, we 
suspect that most of the serous exu- 
date arose from the choroidal vascula- 
ture. This supposition is supported 
by fluorescein angiographic data that 
showed relatively large amounts of flu- 
orescein leakage through the pigment 
epithelium compared with the retinal 
vessels. The relative contribution of 
retinal vascular leakage is uncertain. 
In humans, such leakage has been sug- 
gested as one possible cause of exuda- 
tive retinal detachments after retinal 
venous occlusion.” In any case, the 
combined effect of choroidal vascular 
occlusion and RPE damage is reminis- 
cent of the choroidal infarction dis- 
eases In humans. 

Serous retinal detachments have 
also been observed in both human’ and 
animal” eyes after extensive retinal 
photocoagulation, which causes ther- 
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(presumably regenerated) endothelium in a choroidal feeder vessel 
(FV) underlying an area of regenerated or surviving retinal pigment 
epithelium (RPE) (original magnification x 10 500). 


Fig 8.—Top, Light photomicrograph at 7 days after treatment shows 
progressive degeneration of retina, inner choroid, and tapetum (origi- 
nal magnification = 600). Bottom, Electron micrograph at 7 days 
shows endothelial cell regeneration in the choriocapillaris. These 
enlarged cells contain abundant rough endoplasmic reticulum and 


have apparently laid down extracellular matrix within the denuded 
basement membrane of the former vessel. A pigment epithelial cell 
appears to be extending a cytoplasmic process around the capillary 
(arrow) (original magnification x 11 500). 


mal damage of the pigment epithelium 
and blood vessels.~ In early trials of 
the xenon photocoagulator, for exam- 
ple, Hill and Young,” while attempting 
to occlude retinal vessels in the cat 
eye, observed leakage of fluid through 
the pigment epithelium and, in some 
eyes, serous retinal detachment. In 
our study, exposure to filtered xenon 
light alone, although occasionally caus- 
ing focal pigment epithelial damage, 
did not result in vessel occlusion 
or retinal detachment. Furthermore, 
the highest light intensity used (120 
mW/enY; 240-second exposure) was 
much less than that required to pro- 
duce laser lesions in monkey retinas 
(320 and 4000 mW/cm*, using wave- 
lengths of 514 and 580 nm, respective- 
ly, and 1000-second exposures). ” 

A number of other experimental 
models of exudative retinal detach- 
ment have been described. Of particu- 


lar interest are those models produced 
by choroidal vascular occlusion and 
secondary damage of the RPE. Col- 
lier,’ for example, observed serous 
retinal detachment in the cat eve after 
microsphere embolization of the cho- 
roid through the vortex veins. Alg- 
vere,” and recently Gaudric and asso- 
ciates," produced serous detachment 
in monkeys with the same technique. 
Stern and Ernest” used elegant but 
laborious surgical methods to embolize 
selectively the choroid of monkeys 
from the arterial direction. In their 
study, however, detachments weré 
small and occurred only in animals that 
were made acutely hypertensive. Kishi 
and coworkers” later produced serous 
detachments in monkeys subjected to 
malignant renovascular hypertension. 
In comparison with the above meth- 
ods, the photochemical technique used 
in the present study avoided the intro- 
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-duction of foreign emboli and the need 
for invasive procedures. 

< The mechanism of photodynamic cel- 
‘lular injury has been extensively stud- 
-ied for rose bengal and many other 
photosensitizing compounds.”* The 
initial photochemical event occurs 
when rose bengal, a halogenated com- 
pound related to fluorescein, absorbs a 
photon of light and is chemically acti- 
vated to its triplet state. Energy is 
dissipated as heat or, in the presence 
of molecular oxygen, by generation of 
singlet oxygen. Singlet oxygen, in 
turn, peroxidates cell membrane lipids 
and proteins, resulting in cell damage 
or death. The rate of formation of 
singlet oxygen by rose bengal is linear- 
ly related to light intensity and is 
sufficient under normal laboratory 
lighting to inhibit the growth of cul- 
tured microorganisms.” 

Like fluorescein, circulating rose 
bengal does not readily cross the 
blood-retinal barrier, and because sin- 
glet oxygen is short-lived, its diffusion 
radius is extremely small (60 to 100 
nm)” In retinal and choroidal blood 
vessels, damage therefore occurs at 
the luminal membrane of endothelial 
cells.“’ Blood cells that pass through 
the area of light exposure quickly are 
less likely to be damaged.” The chorio- 
capillaris of the adult cat is permeable 
to molecules similar in size to that of 
albumin,” which along with other se- 
rum proteins binds over 99% of circu- 
lating rose bengal.” Protein-bound 
rose bengal may then come into direct 
contact with the basal and lateral sur- 
faces (external to the tight junctions) 
of pigment epithelial cells. Photochem- 
ical injury of the pigment epithelial cell 
layer could explain certain ultrastruc- 
tural changes in the RPE at 1 hour 
after treatment. Specifically, the later- 
al and basal cell membranes of some 
cells were disrupted even though the 
apical portions of the lateral mem- 
branes (protected by tight junctions 
from contact with rose bengal) re- 
mained intact. In addition, many RPE 
cells were completely lost, even in 
areas where choroidal capillaries were 
not occluded. 

Previous studies have shown that 
the initial histologic alterations after 
photochemical vascular insult are en- 
dothelial cell disruption and subse- 
quent platelet adherence.” Eventual- 
Ty, vessel occlusion occurs because of 
subsequent platelet aggregation due to 
involvement of thrombin, local aboli- 
tion of endothelial cell prostacyclin 
synthesis, or release of platelet aggre- 
gatory factors.°” The importance- of 
platelet aggregation in vessel occlusion 
was underscored in the present study 
by the observation of large numbers of 
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platelets within vessels as early as 1 
hour after treatment. 

During our earlier experiments in 
rabbits, photodynamic treatment (us- 
ing rose bengal) resulted in rapid vas- 
cular occlusion in the retina and cho- 
roid by platelets and other cellular 
debris.”’ Reperfusion of occluded reti- 
nal vessels was first noted at 3 days 
and was complete by 7 days in the 
rabbit. In contrast, many capillaries 
remained nonperfused in the cat eye as 
long as the animals were observed. 

In conclusion, we have developed a 
reproducible model of exudative reti- 
nal detachment in the cat by means 
of photochemical injury. This injury 
caused rapid vessel occlusion in the 
retina and choroid and breakdown of 
the blood-retinal barrier at the level of 
the retinal vessels and pigment epithe- 
lium. The apparent predominance of 
choroidal and pigment epithelial dam- 
age is reminiscent of choroidal vascular 
disease associated with exudative de- 
tachment in humans. Therefore, this 
model may be of use in experimental 
studies of choroidal microvascular hy- 
poperfusion. 
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Synophthalmia and Holoprosencephaly 
in Chromosome 18p Deletion Defect 


Ams female fetus was stillborn at 29 
weeks’ gestation. The postmortem 
findings included holoproseneephaly, arhin- 
encephaly, craniofacial dysmorphia with a 
single orbit, proboscis, Fallot’s tetralogy, 
hexadactylia, syndaetylia, uterus duplex, 
and vagina duplex (Fig 1). Chromosomal 
studies revealed a short arm deletion of 
chromosome 18 [karyotype 46,¥X,del(18) 
(p11. 19’pter)|. The synophthalmie eye con- 
sisted of two globes fused at the midline 
(Fig 2). It measured 13 x 14 x 20 mm. There 
were two corneas, each 5.5 x6 mm in diam- 
eter, two pupils with iris calobomas, two 
lenses, and one vitreous cavity. Anteriorly, 
a rudimentary septum of retinal fissue was 
present (Fig 3). Macroscopieally, a single, 
small “optic nerve” emerged frora a small, 
hypoplastic optie dise of 0.8 mm in diameter 
(Fig 3). Microscopically, the anterior cham- 
ber angles appeared structurally immature 
with undifferentiated uveal tissue in the 
midline between the two anterior segments 
(Fig 4). The lenses were surrounded by 
fibrovascular tissue. The retins showed 
complete absence of retinal ganglion cells 
and nerve fibers (Fig 5) and exhibited mul- 
tiple dysplastic areas with rosette forma- 
tion. The aplastic “optic nerve” consisted of 
two rudimentary sets of abnormal cells 
surrounded by vascular connective tissue 
(Fig 6). There were no discernable nerve 
fibers. 


COMMENT 


Cyelopia and synophthalmia are results 
of complex, neural plate misdevelopment 
syndromes involving the eyes, brain, skull, 
and face.” These anomalies usually cause 
death before or shortly after birth. The 


complete or, more frequently, incomplete 
fusion of the two ocular anlagen seems to 
stem from inadequate induction of the an- 
terior neural plate.” In this case, paired 
anterior ocular segments, one vitreous cavi- 
ty, and one posterior pole were present. 
There was a decreasing grade of tissue 
differentiation anteriorly to. posteriorly and: 
laterally to medially, as previously de- 
scribed.” Retinal ganglion cells-and nerve 
fibers were completely absent in this case. 
Various chromosomal abnormalities have 
been noted with synophthalmia.*’ The com- 
bination of chromosome 18p defect and syn- 
ophthalmus, however, seems to be quite 
rare.” 


MICHAEL KUCHLE, MD 

JOACHIM Kraus, MD 

CARMEN RUMMELT 

GOTTFRIED O, H. NAUMANN, MD 
Erlangen, Germany 
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Fig 1.—Macroscopic appearance of holopro- Fig 2.—Macroscopic anterior view of synophthalmic eye showing two 
sencephalic female fetus of 29 weeks gesta- corneas separated by a scleral bridge and two pupils with iris 
tion with proboscis and synophthalmic eye. colobomas. 





Fig 3. — View into synophthalmic eye after dissection of inferior sclera. Fig 4.—Photomicrograph of horizontal sec- 
There are two lenses and a rudimentary septum of retinal tissue. A tion of synophthalmic eye displaying two cor- 
single, small “optic nerve” emerges from the posterior pole (arrow). neas, two lenses, one vitreous cavity, and a 


hypoplastic “optic nerve” (periodic acid—S- 
chiff, no magnification). 


Fig 6.—Photomicrograph of cross-sectioned aplastic “optic nerve” 


Fig 5.—Photomicrograph of posterior retina showing complete ab- showing two rudimentary sets of abnormal cells surrounded by vascu- 
sence of retinal ganglion cells and nerve fibers (periodic acid— lar connective tissue. No nerve fiber bundles are discernible (hema- 
Schiff, original magnification = 350). toxylin-easin, original magnification x 15). 
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Conjunctival Retraction Suture for 
- Fornix Adjustable Strabismus Surgery 


“Kenneth W. Wright, MD, John H. McVey, MD 


e The fornix approach to strabismus 
surgery is advantageous because the 
incision is made under the eyelid, there 
is no need for conjunctival sutures, it is 
comfortable for the patient, and there is 
minimal postoperative scarring. The ma- 
jor disadvantage of the fornix approach 
for the adjustable suture technique has 

-~ been poor exposure to the muscle-suture 
apparatus and poor postoperative knot 
exposure. We describe herein the use 
of a subconjunctival retraction suture 
for adjustable suture surgery with the 
fornix. approach. This suture retracts the 
conjunctiva, exposing the adjustable 
muscle-suture apparatus while simulta- 
neously fixating the globe. A novel way 

. Of tying the noose around the pole su- 
tures and preventing noose slippage is 

: also presented. This technique provides 
excellent exposure, fixation of the globe, 

‘and complete coverage of the knot with 

conjunctiva after adjustment. 
(Arch Ophthalmol. 1991;109:138-141) 








T'he adjustable suture technique has 

proven helpful in managing both 
<- Ydutine and complicated strabismus." 
<: Most-commonly, the limbal approach is 
“used for adjustable procedures even 
‘though the fornix incision has some 
significant advantages.” The advan- 
_ tages of the fornix approach include a 
- © hidden incision under the lid, no suture 
— “tonjunctival. closure, comfort to the 
patient, -and minimal postoperative 
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scarring. Additionally, the fornix inci- 
sion facilitates reoperations after pre- 
vious limbal surgery, as the fornix 
incision is placed posterior to the lim- 
bal scarring. The majon disadvantage 
of the fornix approach has been the 
poor exposure during the “awake” 
postoperative adjustment procedure. 
In response to the need for an. adjust- 
able fornix approach, Guyton’ and A. 
Gammon, MD, have developed the 
conjunctival “pop-through” technique 
that externalizes the noose above the 
conjunctiva. This technique is a signifi- 
cant improvement.’ However, because 
the noose lies on top of the conjunctiva 
and not on the sclera, the adjustment 
can be inexact. Folds of conjunctiva 
between the noose and sclera may act 
as a spacer, keeping the noose from 
sitting directly over the selerdl inser- 
tion. After adjustment and tie-off, the 
noose pops through the conjunctiva to 
sit flat on the sclera, resulting in an 
inadvertent increase in the reeession. 
Another disadvantage of the pop- 
through method is that the conjunctiva 
covers the muscle and sutures. This 
makes it difficult to visualize the mus- 
cle position and almost impossible to 
gain access to the muscle for direct 
mechanical manipulation, which is oc- 
casionally necessary to achieve adjust- 
ment. Finally, it is somewhat awkward 
and sometimes very difficult to pop the 
noose through the conjunctiva. If the 
hole through the conjunctiva is en- 
larged, it can lead to an exposed knot 
after surgery. i 


We describe herein a new approach — 


to fornix adjustable sutures using a 
preplaced -conjunctival retraction su- 
ture that. provides full exposure of the 





muscle-suture apparatus during the 
adjustment procedure while simulta- 
neously stabilizing the eye. This tech- 
nique allows the noose to be placed 
directly on the sclera rather than over 
the conjunctiva and can be used with 
the bow-tie adjustable technique as 
well. A new method for tying the 
noose is also described (double-sided 
knot) that helps prevent inadvertent 
noose slippage during the adjustment 
procedure. 


MATERIALS AND METHODS 


A fornix-adjustable recession of the left 
lateral rectus musele is described below; the 
figures are oriented to the surgeon's view. 
Incision and exposure of the muscle is per- 
formed by the fornix method described by 
Parks.*?"'""? The muscle tendon is secured 
1.5 mm above the sclera with an 18-in 6-0 
coated polyglactin 910 (Vicryl) suture, S-29 
double-armed needle with locking bites at 
each edge of the muscle." 

Once secured by a double-armed suture, 
the muscle is removed from the sclera 
with blunt Westcott scissors. Two 
0.5-mm locking Castroviejo forceps are 
placed at each end of the scleral insertion 
site to stabilize the eye and to mark the 
location of the previous insertion. 

The needles are passed through the cen- 
ter of the scleral insertion line, starting 
approximately 3 mm apart, and slanted 
toward each other so that the needles exit 
the sclera touching metal on metal (Fig 1). 
These scleral passes are perpendicular to 
the insertion line at a depth of one half of 
the scleral thickness. 

The inferior locking forceps is removed, 
leaving the superior forceps in place to 
stabilize the eye and prevent the -conjuncti- 
va from covering the muscle and suture. 
Both sutures. are pulled forward through 
the scleral tunnels to advance the muscle to 
the insertion line (Fig 2). The two sutures 
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Fig 1.—Double-armed spatulated needies are passed at the scleral 
insertion through the half-thickness sclera. The needles are directed 


perpendicular to the insertion line and exit touching each other. Two 
locking forceps secure the ends of the scleral insertion line to stabilize 
the eye, and the superior forceps also holds the conjunctiva out of the 


“surgical field. 


: . Fig 3.—Tie a noose around the pole sutures by first tying a single 
_ -everhand knot-tightly around the pole sutures. Inset, the noose is 
: completed by tying a square knot on the opposite side of the pole 





sutures. 


ave then clamped 5.cm above the sclera with 
- a needle holder and tied together over the 
-needle holder These joined sutures tied 
` together are called the pole sutures and are 
-egual in: length. The excess sutures with 
: their needles are. removed distal to the 
= Knot, 
Using à piece of the excess 6-0 polyglac- 
tin 910 suture with the needle removed, a 
“noose” is tied around the pole sutures to 
ict as a “stop” to regulate the amount. of 
ession (Fig 3) The knot used for the 
is a double-sided square’ knot (inset). 
le throw. is made on one side very 
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Fig 2.—The inferior locking forceps is removed, leaving the superior: =: 
forceps to keep the conjunctival incision open and stabilize the eye. 
Pole sutures are pulled to advance the muscle to the scleral insertion.» 
The two sutures are cross-clamped with a needle holder, thus creating : 
pole sutures of equal length. Once clamped, the two sutures. are tied. . 


together over the needle holder and the needles are removed. 


snugly. Another equally tight single throw 
is made on the opposite side, followed by an 
additional throw to make a square knot. 
This knot. has proved to be much tighter 
than the traditional single-sided three- 
throw technique. The two ends of the noose 
suture are tied together to form a “bucket- 
handle” that is used to aid in adjustment. 
Once the noose is tied tightly around the 
pole sutures, it can be slid up or down the 
pole sutures to produce the desired reces- 
sion. The recession can be measured with 
the Castroviejo calipers from the insertion 
line to the muscle end (Fig 4). 
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Fig 4.—The noose is resting against the sclera holding the pole 
sutures at the desired length as measured by the calipers. Notice that 
the noose acts as a stop directly on the sclera. By sliding the noose 
along the pole sutures one can adjust the amount of recession. i 


The key maneuver in this procedure: is 
the placement of the conjunctival retraction 
suture. A 5-0 Mersiline suture on. spatu- 
lated needle is passed through the half- 
thickness sclera at least 1 mm superior too 
the insertion line (Fig 5). This suture is tied 
in a loop and is used later during the awake- 
adjustment procedure to retract the con= 
junctiva to expose the adjustable: suture 
apparatus. It is important: to place the 
suture. slightly anterior and superior to the 
insertion line so that traction on the suture: — 
will pull the conjunctiva. completely off the - 
noose and adjustable suture apparatus. 


























Fig 5.—The key maneuver is placement of the conjunctival retraction 
suture. A 5-0 suture on a spatulated needle is passed 1 mm superior to 
the scleral insertion line. The scleral pass should be atleast 3 mm long 
and extend anterior to the scleral insertion. Notice that the locking 


. forceps has been replaced superior to the insertion line to allow room 


for the placement of the retraction suture. 











Fig 6.—The ends of the conjunctival retraction suture have been tied 
together and the locking forceps removed. Replace the superior con- 
junctiva over the sutures into the fornix by gently pushing down on the 
folds of conjunctiva with a snow plow maneuver (Steven's hook). 














Fig 7.— Postoperative adjustment is performed by pulling up the con- 
junctival retraction suture to displace the conjunctiva superiorly, thus 
exposing the sclera and adjustable suture apparatus. The retraction 


suture will simultaneously control the eye position and can be used to 
rotate the eye as needed for the adjustment. Once exposure is ob- 
tained, slide the noose along the pole sutures to produce the desired 


recession. 


The sutures are released and covered by 
the conjunctiva, pulled out of the canthal 


ee <area, and placed on the lid where they are 


covered with antibiotic ointment and a 
"pateh (Fig 6). 
= Adjustment is performed 5 to 24 hours 


. “after surgery depending.on the method of 


anesthesia. The patch is removed, topical 
- anesthesia with tetracaine is applied, and 
excess mucous and dried. blood are cleaned 
“with moist:cotton swabs. 
Exposure ‘of the noose and. adjustable 
“suture apparatus is established by superior- 
ly pulling up the 5-0 retraction suture: to 
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reflect the conjunctiva off of the sutures. 
Appropriate adjustment is then made by 
sliding the noose along the pole sutures (Fig 
T). Pulling on the retraction suture provides 
exposure while stabilizing the eve. The 
retraction suture can be used to rotate the 
eye during the adjustment procedure. 
After satisfactory eye alignment is ob- 
tained, the pole sutures are tied over. the 
noose (Fig 8)..Care must. be taken not. to 
pull up the pole sutures while tying, as 
alteration. of the adjustment . may occur, 
Once the pole sutures are tied together, the 
excess sutures from the noose and pole 


Fig.8.— After the muscle is adjusted, the pole sutures are tied together 
over the noose. The retraction suture remains in place to provide 
exposure. 


sutures are cut, leaving the noose tied in 
place. Last, the retraction suture is re- 
moved (Fig 9). The conjunctiva is then 
swept inferiorly with a small hook to cover 
the muscle and suture knot (Fig 10). It is” 
not usually necessary to. close the conjuncti- ~ 
val incision with a suture. 


COMMENT 


Unlike fixed sutures, the adjustable 
suture technique allows fine tuning of 
ocular alignment to be performed in 
the. immediate postoperative period 


Conjunctival Retraction Suture~Wright & McVey... 








~justable suture strabismus 


— Fig 8.—The pole sutures have been tied and excess suture from the 
. noose loop and pole sutures has been cut off close to their knots. The 
= tetraction suture should be removed only after the pole sutures are 
_ completely tied down and no further manipulation is necessary. 


while the patient is fully awake and 
free of the effects of anesthesia. Since 
the patient is awake during the adjust- 
ment procedure, it must be performed 
smoothly, with minimal manipulation 
> of the conjunctiva. The use of hooks 
-and/or forceps to gain exposure during 
„the adjustment procedure can be frus- 
trating for the physician and painful 
forthe patient. We found that the 
conjunctival retraction suture provides 





~ excellent exposure of the suture appa- 


- fatus while providing control of ocular 
~Yotations. There is no need for forceps 
to fixate the globe, or muscle hooks to 
retract. the conjunctiva, because the 
--eonjunctival retraction suture stabi- 

lizes the eye while holding the conjunc- 
tiva out of the way with essentially no 
pain or discomfort. Because this tech- 
nique provides direct exposure to the 
- scleral insertion, the noose can be 
_ placed directly on the sclera and ma- 
..-Mipulations of the muscle, such as 
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pushing the muscle posteriorly or dis- 
lodging the muscle from the sclera, can 
be performed quite easily. This con- 
junctival retraction suture technique 
works well on any of the rectus mus- 
eles. Another advantage is that the 
conjunctiva easily falls back over the 
scleral knot after the retraction suture 
is removed. With this technique, the 
knot is completely covered by conjunc- 
tiva, minimizing the postoperative for- 
eign body discomfort often associated 
with other techniques. 

We have used this technique in ap- 
proximately 50 cases and have had no 
significant complications. Optimal ex- 
posure is obtained when the retraction 
suture has a wide base (ie, scleral pass 
at least 3 mm long), and when placed 
at least 1 mm above the scleral inser- 
tion line. A low retraction suture lo- 
cated within the insertion line and 
secured by small scleral bite does not 
provide satisfactory exposure. 
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Fig 10.—Once the retraction suture is removed, the conjunctiva is 
replaced to cover the muscle and tied suture. A small hook is used to. 
push the conjunctiva into the fornix. The fornix incision will usually 
close spontaneously without conjunctival sutures. 


We have included, in this study, the 
use of a double-sided noose knot to 
establish a tight noose. By placing a 
single overhand knot on each side of 
the pole sutures, we were able to 
establish an extremely tight noose 
with a reduced incidence of inadver- 
tent noose slippage during the adjust- 
ment. As Guyton’ previously empha- 
sized, the first throw of the noose knot 
should be a single throw rather than a 
double or triple throw as used in a 
surgeon’s knot. A double or triple 
throw places too much suture around 
the pole sutures, thus preventing tight 
seating of the knot. Two single throws, 
one on each side of the pole suture 
(Fig 3, inset), allow for tight seating of 
two knots, resulting in a consistently 
tight noose. 
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A New Inexpensive Pump for Vitreoretinal Surgery 


Maurice B. Landers HI, MD; Michael Stewart, MD: David Maberely; Christian Serdahl, MD 


è An inexpensive and reliable fluid- 
gas exchange system has been devel- 
oped for vitreous surgery. The system 
relies on a fish- tank air pump and was 
compared with the Grieshaber Air Sys- 
tem in several laboratory and operating 
room situations. No significant differ- 
ences were found between the two sys- 
tems. Details of the Davis Ocular Air 
Pump are provided along with a cost 
analysis. 

(Arch Ophthalmol. 1991;109:142-143) 

reous surgery incorporating fluid- 


it 

V gas exchange has evolved consider- 
ably during the past decade. As with 
most advances in operating room tech- 
nology, there has been a concomitant 
increase in cost. As a result, new air 
infusion machinery is often only avail- 
able in the operating rooms of major 
hospitals and clinics. 

Continuous air infusion in vitreo- 
retinal cases initially used a simple 
device consisting of a laboratory flask 
filled with pressurized, sterile air that 
was connected to a bag of intravenous 
sterile saline solution.’ The original air 
pumps used in vitreoretinal surgery 
were indeed fish-tank air pumps. This 
system was effective although it lacked 
the precision of current devices. The 
present generation of automated sys- 
tems were introduced in 1983°° and 
were based on the Charles system 
developed in 1980.° One of these, the 
Grieshaber Air System (GAS) (Grie- 
shaber, Langhorn, Pa) represents the 
current state-of-the-art air pump that 
is in use throughout the world. This 
machine functions well and is effective 
in its role as a fluid-gas exchanger. Its 
major drawback is cost, which, in turn, 
limits its availability in areas in which 
fluid-gas exchange is not a routine 
operative procedure. Thus, such places 
as the outpatient clinic, the treatment 
room of the hospital, and the research 
laboratory are restricted from per- 
‘forming this basic procedure. To solve 





Accepted for publication July 27, 1990. 
From the Department of Ophthalmology, Reti- 
na Service, University of California, Davis. 
Reprint requests to Retina Service, Depart- 
ment of Ophthalmology, University of California, 
Davis, 1603 Alhambra Blvd, Sacramento, CA 
: 95816 (Dr Landers). 





a 442 Arch Ophthalmol —Vol 109, January 1991 


this problem, we have developed an 
inexpensive system for fluid-gas ex- 
change and tested it against the GAS. 


MATERIALS AND METHODS 


The Davis Ocular Air Pump (DOAP) con- 
sists of an Apollo 5 fish-tank air pump 
(Apollo Enterprises Inc, Ontario, Calif) 
costing approximately $40, two 0.22-um 
millipore air filters at $1.50 each, two $0.50 
stopcocks, and a standard $80 Marshall 
blood pressure cuff. The total cost for the 
entire system is $124. The Apollo 5 fish- 
tank air pump forces air through a connect- 
ing tube to the first of two millipore filters. 
These two filters sterilize the air and also 
dampen the pulsatile flow of air from the 
pump, allowing an accurate reading of the 
systems pressure. A short spacer then 
joins the first filter with a “T"-valve stop- 
cock to which the Marshall pressure bulb is 
attached. Adjacent to the bulbs outflow 
tubing is a second “T” valve that connects 
the system to the Marshall pressure gauge. 
From here the second millipore filter leads 
into an outflow connecting tube and finally 
to the injector needle (Fig 1). When the 
pump is turned on, the pressure is con- 
trolled by regulating flow through the pres- 
sure bulb. 


RESULTS 


The DOAP was compared with the 
GAS to determine the functional dif- 


ferences, accuracies, and capacities of 
both systems. The pressures produced 
by the two systems were first tested 
for accuracy using a measured column 
of water. The DOAP and GAS pumps 
were connected to a vertical column of 
water, the resultant height of which 
was measured and compared with the 
gauge settings on both systems. The 
water column heights were nearly 
identical for both pumps. At each 
tested pressure, the DOAP pump pro- 
duced a pressure 1 to 2 mm Hg lower 
than the GAS pump. The actual pres- 
sures produced by both pumps were 
very accurate and reproducible (Fig 2). 

The flow rates through different 
needles were determined for each 
pump. This test measured the ability 
of the pump to rapidly reinflate an eye 
after losing pressure during a surgical 
procedure or to perform a fluid-gas 
exchange through a small-gauge nee- 
dle. Both the GAS and DOAP pumps 
were connected to an inverted water- 
filled flask, the mouth of which was 
placed under water. Air was infused 
into the flask, displacing a similar vol- 
ume of water. The flow rates through 
different needles were measured at the 
pump pressure of 40 mm Hg. The 


Fig 1.—The Davis Ocular Air Pump consisting of the Apollo fish-tank air pump connected to a 
blood pressure cuff via a filter and stopcock. The total cost of the device is $124. 
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Fig 2.—The Davis Ocular Air Pump (DOAP) 
and Grieshaber Air System (GAS) were test- 


-o edfor accuracy by connecting each system to 


a column of water and checking the gauge 
settings at various pressures. The DOAP pro- 
duced pressures 1 to 2 mm Hg lower than the 
GAS. Both systems produced pressures that 
were accurate and reproducible. 


Needle GAS 
mL/min 


DOAP, 
mL/min 


Gauge 
20 182 261 








27 25 27 
30 11.8 12.9 


* GAS indicates Grieshaber Air System; and DOAP, 
Davis Ocular Air Pump. 





DOAP produced consistently greater 
flow rates than the GAS using 20-, 27-, 
and 30-gauge needles (Table). 

We determined the abilities of the 
two pumps to maintain line pressures 
in vented systems. This experiment 
estimated each machine’s ability to 
support intraocular pressure when a 
surgical incision is not airtight. Again, 
the pump pressure was set at 40 mm 
Hg. The GAS and DOAP were then 
hooked up to a series of needles con- 
nected with infusion tubing. The nee- 
= dle size varied from 20- to 30-gauge. 

~The internal area of each needle 
was obtained from the manufacturer. 
The DOAP outperformed the GAS 
throughout the range of needle sizes. 
For the 20-, 23-, 25-, 27-, and 30-gauge 
needles, the DOAP maintained a line 
pressure that was slightly higher than 
that maintained by the GAS (Fig 3). 

Finally, we compared the intraocu- 
lar pressures produced by the two 
systems in an actual operating room 


zo procedure. Both pumps were connect- 


--ed.to an eye undergoing vitreous sur- 
gery, and pressures were measured 
with a Tono-pen hand-held tonometer 
io-rad Co, Santa Ana, Calif) during 
reery(Fig 4). The intraocular pres- 
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Fig 3.—Air pressure vs internal area of needle 
is plotted for both pumps in a vented system. 
Both pumps were set at 40 mm Hg. The Davis 
Ocular Air Pump (DOAP) maintains a higher 
pressure at all five needle sizes than the Grie- 
shaber Air System (GAS). 


sures in the air-filled eye were com- 
pared with the pressures selected on 
the GAS and DOAP pumps. The 
DOAP system produced air pressures 
that were between 1 and 3 mm Hg less 
than the GAS. These lower pressures 
may have been due to greater resis- 
tance in the somewhat longer tubing 
used to connect the DOAP to the ster- 
ile vitrectomy infusion line in the oper- 
ative field. 


COMMENT 


The DOAP provides an inexpensive 
fluid-gas exchange system that gives 
reliable and reproducible performance. 
At $124, this device is an excellent 
value compared with the GAS, which 
costs $2815. The DOAP system can be 
used in the outpatient clinic, the inpa- 
tient ward, the research laboratory, or 
as a surgical backup in the operating 
room. As with any surgical device, 
durability is an important consider- 
ation. The Apollo 5 fish-tank air pump 
used in the DOAP system was built to 
last for 3 to 5 years of continuous use 
before the valves need changing. 

Although we have not used our air 
pump on human subjects in the operat- 
ing room, we have used it in the surgi- 
cal research laboratory operating room 
for more than 2 years in a series of 
approximately 175 experimental vi- 
trectomies. The operating time of the 
pump has been approximately 400 
hours, without any evidence of failure. 
The pump has been used in eight 
clinical cases in our office during the 
past 2 years, again without failure. 

Additional considerations for use of 
this apparatus in the operating room 





yo U U A A 
nm O n O 7 


Tonopen, mm Hg 
— N 
n O 





5 10 15 20 25 30 35 40 45 50 
Pump, mm Hg 


Fig 4.—Intraocular pressure vs pump pres- 
sure is plotted for both systems during an 
actual operating room procedure. The Davis 
Ocular Air Pump (DOAP) produced air pres- 
sures that were 1 to 3 mm Hg less than the 
Grieshaber Air System (GAS). 


include the need for electrical modifi- 
cation so that the pump works on a 
three-pronged grounded outlet, and 
the need for approval from the Hu- 
man Investigations Committee. (These 
changes were required by the Univer- 
sity of California, Davis Medical Cen- 
ter. Other institutions may have differ- 
ent instrumentation protocols.) 

Vitreous surgery now employs a 
vast array of expensive instruments. 
The DOAP provides an excellent alter- 
native to those currently available in 
terms of pumping capabilities and eco- 
nomic considerations. 


The authors have no proprietary interest in any 
of the devices mentioned in this article or their 
applications. 
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Continuing Medical Education 


Continuing Education for Ophthaimologists 


This list of continuing education opportunities for ophthalmologists is published 
monthly as a service to readers to help them keep abreast of meetings avd courses of 
interest and importance. Presented by regional and national location, the list is updated 
monthly and provides an easy reference te continuing medical education (CHE) courses. 
Accredited sponsors are encouraged to notify the ARCHIVES of upcoming CME activities for 
inclusion in the list free of charge. Listings will be published for 3 consecutive moaths and 
should be received at least 5 months prior to date of course, eg, for a June cou yian 1 
to be included in the March, April, and May issues. A course held between the 
Lith days, inclusively, will appear in the preceding month’s issue. The listiag cennot be 
published unless if contains the following information: title, location, date(s} r(8), 
and contact address, Optional information includes CME category 1 hours of ICHON, 
registration fee, and guest speakers. Listings should be typed double-spaced with 2-in left 
and right margins. Send submissions to Anne Meltzer, Archives of Ophthalmelogy, CME, 
600 N Wolfe St, Baltimore, MD 21205. Readers are encouraged to contact the accredited 
sponsor for more detailed information. 
















ARIZONA Gretehen Falvo, Jules Stein Eye Inst, Dir of 
Acad Prgms, 100 Stein Plaza, UCLA, Los An- 
17th Ann Frontiers in Ophthalmol At: Scotts- geles, CA 90024-7000; (213) 825-4517 
dale Dates: 2/21/91 to 2/23/91 Reg Fee: $375 
Contact: Christine Campbell, Mtg Planner, 
Frontiers in Ophthalmol, 1419 E Divot Dr, Tem- 


pe, AZ 85283; (602) 820-7027 


Pearls of Ocular Therapy At: La pla Date: 
3/23/91 Hrs Instr: 8 Reg Fee: $129, $65 for 
residents Contact: Laurie Jones, Dept of Aca- 
demic Affairs, Box 4005, Seripps Clinic and 
Research Found, 10666 N Torrey Pines Rd, La 
dolla, CA 92037; (619) 554-9592 


60th Ann Mid-Winter Ophthaimoi Clia Conf At: 
Los Angeles Dates: 2/8/91 to 2/20/91 Hrs Instr: 
up to 15 Reg Fee: $295 for practicing physicians 


CALIFORNIA 


Jules Stein Eye inst Ann Postgrad Sem 25th 
Anniversary Celebration At: Beverly Hills 
Dates: 3/7/91 to 3/9/91 Hrs Instr: 24 Contact: 





before 1/1/91, $350 after 1/1/91: $160 for resident 
phys & retired phys Sponsor: Res Study Club of 
Los Angeles Contact: Ms Louise Ball, Exec 

® Secy, PO Box 1216, Murrieta, CA 92362; (714) 
677-4482 


A 1-Day Symp on Cataract. and Anterior Seg- 
ment Surg At: Los Angeles Date: 2/22/91 Con- 
tact: White Memorial Med Ctr, Dept of Ophthal- 
mol, 414 N Boyle Ave, Los Angeles, CA 90033; 
(213) 269-0644 


Pacific Coast Ote-Ophthalmol Soc 75th Ann 
Mtg At: Monterey Dates: 6/15/91 to 6/19/91 
Contact: Mireya Jones, PCGOS Manager, 115 
W California Blvd, Suite 405, Pasadena, CA 
91105; (818) 564-8114 


10th Ann Squaw Valley Retina Symp At: Olyr- 
pic Valley Dates: 2/3/91 to 2/7/91 Hrs Instr: 16 
Sponsor: Sacramento Retinal Soe Contact: 
Mercy Gen Hosp, Community Relations, 4001 
“J” St, Sacramento, CA 95819; (916) 454-4410 


The Management of Eye Trauma At: Stanford 
Date: 1/19/91 Contact: Cont Educ Prgm, Dept 
of Ophthalmol, A-157, Stanford Univ Med Ctr, 
Stanford, CA 94305-5808; (415) 728-5517 


Basic Sci Course in Ophthalmol At: Stanford 

Dates: 7/1/91 to 8/29/01 Reg Fee: $1750 Con- 
tact: Basic Sci Course, P. R. Egbert, MD, Dir 
Dept of Ophthalmol, A-157, Stanford Med Ctr, 
Stanford, CA 94305-5308 


COLORADO 


Adv Aspen Anterior Segment Sem At: Aspen 
Dates: 3/4/91 to 3/8/91 Contact: Sharlee Dodd, 
Conf Coord, Dulaney Eye Found, 9425 W Bell 
Rd, Sun City, AZ 85351; (602) 933-3845 


(Continued on p 146.) 











BASIC SCIENCECOURSE 
m OPHTHALMOLOGY 


AT S TANF ORD July 1 through August 29, 1991 


E MR 


anf An 


Learn the fundamentals of ophthalmology, through intensive lecture and laboratory work, at beautiful 
Stanford University near San Francisco. Both American and foreign participants are welcome. 


Sections include Anatomy, Microbiology and External Diseases, Pathology, Retinal Physiology and 
Biochemistry, Embryology, Genetics, Motility, Glaucoma, Pharmacology, Neuro-ophthalmology, 
Fluorescein Angiography, Opticsand Theory of Refraction, and other important shorter subjects. 


Instructors include Doctors C. Beard, J. Bettman, D. Char, C. Dawson, D. Demartini, R. Dryden, 
P. Egbert, J. Eliason, M. Fishman, A. Flach, D. Guyton, J. Hetherington, C. Hoyt, M. Marmor, 
G: Paris, H. Schatz, A. Scott, W. Scott, T. Shults, G. Smolin, W. Spencer, S. Williams and many 


other enthusiastic teachers on the faculty of 60. 


Sponsored by the Department of Ophthalmology, Stanford University Medical Centerand presented 
in cooperation with the University of California, Davis; Pacific Presbyterian Medical Center; and the © 


University of California, San Francisco. 


Tuition is $1750. Students may arrange to attend individualsections or divide the course between 
two years. For further information and application forms, please write to Basic Science Course; 
P:R. Egbert, M.D., Director; Department of parhain loer: A-157;Stanford Medical Center; 


B Stanford, CA94305- 5308. 
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< The Wilmer inst Current Concepts Ophthalmol 
Eighth. Ann Mtg At: Vail Dates: 3/9/91 to 
3/16/91 Hrs Instr: 30 Reg Fee: $500), $350 (those 
in training) Contact: Off of Cont Educ, The 
Johns Hopkins Med Inst, Turner Bldg, 720 Rut- 
land Ave, Baltimore, MD 21205-2195: (301) 955- 
2959 





FLORIDA 


Uveitis for the Practicing Ophthalmologist At: 
Miami Dates: 1/18/91 to 1/19/91 Hrs Instr: 9.5 
Reg Fee: $225 Contact: Bascom Palmer Eye 

“Inst, PO Box 015869, Miami, FL 33101; (805) 


326-6099 





Florida Soc of Ophthalmol Ann Mtg At: Palm 

Beach Gardens Dates: 4/1141 to 445/91 Con- 
tact: FSO, 1183 W Morse Blvd, Suite 201, 
Winter Park, FL 32789: (407) 647-8839 





Combined Vitreoretinal Surg—Med Retina 
Course At: Sarasota Dates: 2/7/91 to 2/9/91 Hrs 
instr: 14 Reg Fee: $450, ophthalmologis 50, 
residents & fellows Contact: Lauri Fags šo- 
ciated Retinal Surgeons, 1700 S Tuttle Ave, 
Suite 3, Sarasota, FL 34239; (813) 952-0900 








Fifth Ann Mid-Winter Sarasota Vitreoretinal 
Update Course At: Surasofa Dates: 2/27/91 to 
3/2/91 Sponsor: Sarasota Retina Inst Contact: 
Joanne Jackson, Course Coord, 3400 Bee 
Ridge Rd, Sarasota, FL 34239; ($13) 92 3: 





GEORGIA 


28th Ann Emory Univ Dept of Ophthalmol 
Alumni Postgrad Course At: Buckhead Dates: 
2/22/91 to 2/23/91 Contact: CME, Emory Univ 
Sch of Med, Woodruff Health Sci Admin Bldg, 
NE, Atlanta, GA 30322 


1440 Clifton Rd, 








HAWAII 


72th Ann Royal Hawaiian Eye Mtg At: Honob- 

iu Dates: 1/19/91 to 1/6/91 Hrs Ins@: 28 Con- 
tact: Charles & e, 2854 3 King St, 
Suite 205, Honolulu, HI 968 (808) 842-9655 






MARYLAND 


The Retinal Vascular Center Winter Meeting: 
Contemporary Issues in Macular Disease At: 
Baltimore Date: 2/8/91 Hrs inste 7.6 Reg Fee: 
$195. practicing physicians: $100 residents and 
fellows Contact: Office of Cont Educ, The Johns 
Hopkins Med Inst, Turner 26, 720 Rutland Ave, 
Baltimore, MD 21205-2195 


50th Anniv Mtg of the Wilmer Residents Assn 
At: Balimore Dates: 425/91 te 4/27/91 Con- 
tact: Jo Ann L. Young, Wilmer 232, The Johns 
Hopkins Hosp, 600 N Wolfe St, $ alt timore, MD 
21205; (301) 955-2830 












Third National Eye Inst Symp om Eye Dis Epi- 
demiology At: Bethesda Dates: 
3/27/91 Contact: Johanna MeDenou 
Conf Specialist, Social & Sei S 
consin Ave, Suite 610, Bethesda, F 
A805; (305) 986-4871 


MASSACHUSETTS 












Harvard Med Sch Ophthalmol Rev Course At: 
Boston Dates: 3/22/91 to 3/26/91 Reg Fee: $600 
Contact: Dept of Cont Educ Harvard Med Sch, 
Boston, MA 02115; (617) 422-251 








NEVADA 


Contact Lens Assn of Ophthalmologists 
(CLAO) 1991 Ann Mtg At: Las Vegos Dates: 
/91 to 1/16/91 Contact: Registrar, 
AQ, 523 Decatur St, Suite 1, New Orleans, 












* Viscodissection Techniques in PDR 

* When & How to use TPA 

e Photocoagulation for Diabetic Macular 
Edema, Grid vs Focal 

e PDR: Photocoagulation in Difficult Cases 

* Intraoperative use of Heavier-Than- 

Water Fluids 

* Surgery of the Vitreous Base 

* Use of Intraocular Gases vs Silicone Oil 

Case Selection & Algorithm for Success 

in Pneumatic Retinopexy 

+ Surgery for impending Macular Holes 

Management of [OFB’s 


* 





E 14 Hours in Category 1, AMA 
-University of South Florida 


Y - 7 $450. 00 d Öahthalmoloiists 
» $ $150.00 Residents & Fellows 











© Mark Blumenkranz, M.D 
e Charles Garcia, M.D. 

e Bert Glaser, M.D. 

© Ronald G. Michels, M.D. 

e Robert Murphy, M.D. 

e David Orth, M.D. 

e Paul Sternberg, M.D. 

e Lawrence Singerman, M.D. 


COURSE CO-DIRECTORS: 
© Miguel A. Arcacha, Jr., M.D. 
Ei W. Sanderson coma M.D. 





SARASOTA, FLORIDA ¢ FEBRUARY 7 -9, 1991 


Topics To Be Covered: 


© Instrumentation Update 

© Surgical Management of ROP 

è Macular Pucker ° 

* Endophthalmitis: Medical vs Surgical 
Treatment Rý 


e Laser Treatment for Complicatians of 
CRVO and BRVO 


Facully: 





ee o @ 











e Treatment of CNVM: An Update from 
the MPS 

Medical & Surgical Evaluation of the 
Uveitis Patient 

When is Laser Photocoagulation 
Indicated for Lattice &/Or Retinal 
Breaks Without Detachment 

Retinal Dystrophy Update 

Diabetic Retinopathy & Pregnancy 
Complications of Fluorescein Angiography 
Management of Subfoveal & Recurrent 
Choroidal Neovascularization 

* Complications of Laser Treatment 


Information: 

CALL OR WRITE 

Lauri Fagan 

ASSOCIATED RETINAL SURGEONS 
1700.8. Tuttle Avenue; Suite 3 
Sarasota, Florida 34239 

(813) 952-0900 





LA 70130-0127; (504) 581-4000, FAX (5047 581- 
5884 


NEW YORK 


The Edward S. Harkness Eye Inst, Columbia- 
Presbyterian Med Ctr 1990-1991 Basic Sci and 
Clin Sci Course At: Nex York Dates: 1/3/91 to 
IIH (Basie Sci Course) and 10/8/90 to 32/91 
(Clin Sei Course) Reg Fee: $750 Contact: Ms 
Clara Prem Coord, Edward S. Harkness 
5 W 165th St, New York, NY 10082; 














Date: 





sigelman, MD, 
York, NY 10128; (212) ae 





Seventh Ann Live Ophthalmic Plastic Surg 
Workshop—Masters of Ophthalmic Plastic 
Surg At: New York Dates: 3/1/91 to 3/2/91 Reg 
Fee: 3400, attending phys; $200, residents/fel- 
lows Contact: Kimberly Corbin, Course Coord, 











Dept of sate Manhattan Eve, Ear & 
Threat Hosp ) E 64th St, w York, NY 
10021; (212) 6 Ser. AX (212 6S 





Spring Mtg New York Soc for Clin Ophthalmol: 
Management of Intraoperative and Postopera- 
tive Complications and Clinicopathologic 
Correlation At: New York Date: 3/16/91 Cons 
tact: Francine Leinhardt, Manhattan Eye, Ear 
& Throat Hosp, 210 E 64th St. New York, NY 
10021; (212) 838-9200 ext 2776; FAX (212) 832. 
9126 












The LuEsther T. Mertz Vitreous-Retina-Macula 
Lectures At: New York Date: 3/19/91 Speaker: 
James J. Augsburger, MD Sponsor: Dept of 
Ophthalmol, Manhattan Eye, Ear & Throat 
Hosp Contact: Kimberly Corbin, Course Coord, 

(Continued on p 148.) 
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at Johns Hopkins 








| LIMITED REGISTRATION 











The 50th Anniversary 
Wilmer Residents Association Meeting 


April 25, 26, 27, 1991 
(Thursday, Friday and Saturday) 


Special Guest Presenters: 
Edward W.D. Norton, M.D. & Anthony J. Bron, M.D. 


Clinical presentations with discussions on the following: 


e Cataract and Intraocular Lens 

* Epidemiology 

e Glaucoma 

e Neuro-ophthalmology 

e Retina, Retinal Vascular, 
Macula 

e Vitreoretinal 


e Anterior Segment 

e Cornea and External Disease 
* Genetics 

e Laser (Diode, Excimer) 

e Oculoplastics, Pathology 

e Strabismus 

e Uveitis 


For further information: 
Jo Ann L. Young, coordinator 
The Wilmer Residents Association 
Wilmer 232 ¢ The Johns Hopkins Hospital 
600 North Wolfe Street Baltimore, Maryland 21205 
Telephone: 301-955-2830 
FAX: 301-955-0867 


Approved for continuing medical education credits in category 1 
from The Johns Hopkins University School of Medicine. 





7TH ANNUAL LIVE OPHTHALMIC PLASTIC 
SURGERY WORKSHOP 


MASTERS OF OPHTHALMIC 
PLASTIC SURGERY 


March 1 - 2, 1991 
CURRICULUM: This course will cover major topics in 


ophthalmic plastic surgery and will be informally taught by 
lecture and live surgery. They include: orbital and lacrimal 
surgery: blepharoplasty: ptosis surgery; ectropion and 
entropion correction: cryosurgery; enucleation and socket 
surgery; thyroid evelid malposition, dermis-fat grafting. 
Participants are allowed free access to OR’s, teaching 
classrooms and simulcast video. 

COURSE DIRECTORS: Richard Lisman, M.D., 

Rene Redriguez-Sains, M.D., Murray Meltzer, M.D., 

Byron Smith, M.D. 

INVITED SURGEONS: Richard L. Anderson, M.D., 
Charles R. Leone, fr, M.D., Orkan G. Stasior, M.D. 
STAFF SURGEONS: Steven Bosniak, M.D., 

Albert Hornblass, M.D., Hamson Sisler, M.D. 


INSTRUCTORS: B. Arthurs, N. Barna, E. Bedrossian, 
S. Gilbard, K. Hyde, D. MacDonald, E. Maher, 
J. Nassif, P. Silverstone, G. Stasior 
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ME CATEGORY I ACCREDITATION 
or further information contact: 
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n Eve, i & bee ge 


212) 05.3761 Fax: (219) “FBR 69D ©. 


aberly Corbin, Course Coordinator Y 
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27th ANNUAL SPRING MEETING 
PITTSBURGH OPHTHALMOLOGY SOCIETY 


DEPARTMENT OF OPHTHALMOLOGY, 
UNIVERSITY OF PITTSBURGH SCHOOL OF MEDICINE 


Friday and Saturday, 
March 22 and 23, 1991 


Vista International Hotel, Pittsburgh, PA 


HARVEY THORPE LECTURER 
SIMMONS LESSELL, M.D. 


Professor of Ophthalmology, 
Harvard Medical School, Boston 


SPRING MEETING FACULTY 
Perry S. Binder, M.D., La Jolla 
Donald Gass, M.D., Miami 
Allen D. Jensen, M.D., Baltimore 
Manus C. Kraff, M.D., Chicago 
Simmons Lessell, M.D. Boston 
George L. Spaeth, M.D., Philadelphia 



























12th Annual Symposium 
Allied Ophthalmic Personnel 


March 22 and 23 





Spring Meeting Fees 
Physicians, $250 
Residents, $125 

Symposium Fee $75 


For registration or information. please contact 
Pittsburgh Ophthalmolagy Society 
Pat Kennerdell, Exec. Asst 
2545 Mosside Boulevard 
Monroeville, PA 15146 
1412) 243-8845 


This cantisuing medical education activity is acceptable for credit ours 
in Category 1 for the Physicians’ Recognition Award of the AMA. 
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Dept of Ophthalmol, MEETH, 210 
New York, NY 10021; (212) 605-3761 


E 64th St. 


Sigmund Schutz Visiting Professorship At: 
New York Dates: 3/21/91 to 3/2341 Contact: 
Kimberly Corbin, Course Coord, Dept of Oph- 
thalmol, Manhattan Eye, Ear & Throat Hosp, 
210 E 64th St, New York, NY 10021; (212) 605- 
3761; FAX (212) 753-7699 


Contact B&A Ultrasonography for the Clinician 

At: New York Date: 4/6/91 Hrs Instr: 7 Reg Fee: 
$326 for attending p? ians, $225 for residents 
& fellows Contact: Kimberly Corbin, Course 
Coord, Dept of Ophthalmol, Manhattan Eve, Ear 
& Throat Hosp, 210 E 64th St, New York, NY 
10021; (212) 605-3761 








PENNSYLVANIA 


Wills Eye Hosp Ann Conf and Joint Mtg with 
Pennsylvania Acad of Ophthalmol At: Phila- 
delphia Dates: 4/11/91 to 4/13/91 Hrs Instr: 16 
Reg Fee: $295 for prac phys, $100 for retired 
phys, residents & fellows Contact: Jeanne 
Coughlin, Mtg Manager, 1621 Norristown Rd. 
Maple Glen, PA 19002; (215) 641-9569 


The 27th Ann Spring Mtg of the Pittsburgh 
Ophthalmol Soc & the Dept of Ophthalmol, 
Univ of Pittsburgh Sch of Med At: Pittsburgh 
Dates: 3/22/91 to 3/23/01 Reg Fee: $250 for 
physicians, $125 for residents Contact: Pat Ken- 
nerdell, POS Executive Asst, 2545 Mosside 
Bivd, Monroeville, PA 15146; (412) 248-8845 





The 12th Ann Symp for Allied Ophthalmic Per- 
sonnel At: Pittsburgh Dates: 3/22/91 to 3/23/91 
Reg Fee: $75 Sponsor: Pittsburgh Ophthalmol 
See Contact: Pat Kennerdell, POS Executive 
Asst, 2545 Mosside Blvd, Monroeville, PA 15146; 
(412) 243-8845 





TEXAS 


Saturday Sem Series: Eyelid and Corjunctival 
Tumors At: Dallas Date: 2/16/91 Hrs Instr: 4 
Reg Fee: $50 Contact: Eleanor J. Golds 

EdD, Educ Coord, Dept of Ophth 
Southwestern Med Ctr, 5323 Harry 
Dallas, TX 75235-9057; (214) 688-3848 


13th Ann Dallas Spring Ophthalmol Symp: La- 
sers in Ophthalmol: Theory and Werkshops 
At: Dallas Dates: 4/5/91 to 4/6/01 Contact: Paula 
Hall, Presbyterian Healthcare Sys/CHE; (214) 
891-2323 







The Sixth Ann Cullen Course: Clin Adv in 
Ophthalmol for the Prac Ophthalmeingist At: 
Houston Dates: 3/15/91 to 3/17/91 Contact: Lila 
Lerner, Office of Cont Edue, Baylor College of 
Med, One Baylor Plaza, Housten, TX TOZA 
{713} 798-6020 





UTAH 


Ninth Ann Park City Multidisciplinary Eye and 
Facial Plastic Surg Conf At: Pirk Cy Dates: 
2/9/91 to 2/12/91 Hrs Instr: 16 Contact U Biy of 
Nebraska Med Ctr, Ctr for Core Edec. 
42nd St, Omaha, NE 68198-5651; (4 





The Utah Ophthalmological Soc Ann Winter 
Mtg At: Salt Lake City Dates: 2/29/91 to 2/22/91 
Hrs instr: 15 Contact: Jeanne n, Utah 
Ophthalmological Soc, 540 E Fifth St, Salt Lake 
City, UT $4102: (801) 355-7477 


W VIRGINIA 








Second Ann Ophthalmol! Alumni Weexend At: 

Morgantown Dates: 3/8/91 to 39/91 Contact: 
Patricia Schumann, Conf Coordinator, Dept of 
Ophthalmol, West Virginia Ur Ith Sei 
Ctr N, Morgantown, WV 26506; (304 TST 












WISCONSIN 


Adv Vitreoretinal Symp At: Milwaukee Dates: 
7/25/91 to T/27/91 Reg Fee: $400, by May 15; $450 
after May 15; $200, residents/fellows Contact: 
William F Mieler, MD, Eye Inst/Med Coll of 
Wisconsin, 8700 W Wisconsin Ave, Milwaukee, 
WI 53226; (414) 257-5544 





FOREIGN 


Seventh Ann Winter Glaucoma Symp & Prac 

Mgmt Sem At: Grand Cayman, British West 
Indies Dates: 2/17/91 to 2/1941 Hrs Instr: 12 
Reg Fee: $400 (before October 15); $450 (Octo- 
ber 15 and after) Contact: David Townsend, 
Assoc in oe Marketing Co Ine, 9 Pheasant 
Run Rd, Newton, PA 18940; (215) 860-9600 


Prac Aspects of Photocoagulation At: Mexico 
City, Mexico Dates: 2/14/91 to 2/16/91 Reg Fee: 
$150 Sponsors: Eve Research Inst of Boston, 
Hosp Espanol, Mexico Contact: J. Wallace 
McMeel, MD, 100 Charles River Plaza, Boston, 
MA 02114: (617) 523-7810 or Jose M. Celorio, 
MD, Ejerciti National 617-15, 11520 Mexico DF, 
Attn: C. Leon; (525) 250-9744 





The Wilmer Inst Current Concepts in Ophthal- 
mol 13th Ann Mtg At: Dorado, Puerto Rico 
Dates: 2/10/91 to 2/17/91 Hrs Instr: 30 Reg Fee: 
$500, $350 (those in trng) Contact: Off of Cont. 
Edue, The Johns Hopkins Med Inst, Turner 
Bldg, 720 Rutland Ave, Baltimore, MD 21205- 
2195; (301) 955-2959 






15th Ann Glaucoma Conf At: Si Thomas, US 

Virgin Islands Dates: 1/21/91 to 1/23/91 Hrs 
Instr: 12 Reg Fee: $200, prac phys; $100, resi- 
dents & fellows Contact: Wills Eye Hosp, Dept 
of CME, Sth & Walnut Streets, Philadelphia, PA 
19107 
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CULLEN EYE INSTITUTE 


oe ee eee ee wh ee ee ee ee ee RT yee 


Department of Ophthalmology 





Clinical Advances in Ophthalmology 
for the Practicing Ophthalmologist 
+ 
MARCH 15-17, 1991 
The Houstonian Hotel and Conference Center 
Houston, Texas 
+ 
T: compleat course in the field... treats all aspects of 


practice and major subspecialties in clinical ophthal- 
„annual continuing-education must for practicing 


+ 
“Ahead-of-the-Art” Developments 
State-of-the-Art Management 
Updated Review of Diagnosis & Therapy 
Topics Selected in Advance by Participants 
$ Full-Time Clinical Faculty Up to 40 Lecture Presentations 
“Panel Discussions and Q&A More than 20 Technical Exhibits 
Grand Rounds and Clinic Tour Welcome Reception, Luncheon 


CONTACT: Lila Lerner, Office of Continuing Education 


mology. . 
-aphthalmologists. 


"Baylor College of Medicine, One Baylor Plaza, Houston, TX 77030. 


(713) 798-6020 








13th Annual Dallas 
Spring Ophthalmology Symposium 


ee Presbyterian 
Hospital of Dallas 


A Member ot the Prsivienas Heanncare System 


Friday and Saturday, April 5-6, 1991 
Lasers in Ophthalmology 
Theory and Workshops 


Present and future laser technology in glaucoma, 
cornea and retina diseases: 


cyclophotodestruction, holmium laser sclerostomy, 
laser trabeculoplasty, indirect ophthalmoscope laser, 
rationale for various lengths, excimer laser and 


other keratorefractive procedures. 


Key Speakers: 


Paul F. Palmberg, M.D., PhD. 
Bascom Palmer Eye Institute 


Stephen L. Trokel, M.D. 
Columbia University 


Richard L. Lindstrom, M.D. 
University of Minnesota 


James J. Rowsey, M.D. 
Dean MeGee Eye Institute 


Eeay H. Brown, M.D. 
Emory University Eye Center 


Andrew G. Iwach, M.D. 
Foundation for Glaucoma 
Research 


Further Information: 
Paula Hall 


Presbyterian Healthcare System/CME 
214-891-2323 

































| What tr nds exist 
among medical groups today? 


Available now... Medical Groups in the U.S.—A Survey of Practice 


1990 Medical Groups Characteristics 1990 Edition is the ideal reference for anyone interested in 
adiion n ine a * . - . 
i A Survey of current trends or involved with planning for the ongoing success of an 


Practice f 
_ Characteristics | 


existing group. 

Medical Groups in the U.S. is the only source of comprehensive information 
on medical groups. It summarizes and analyzes the latest survey data and 
census information for more than 16,000 medical groups throughout the 
country. 


Backed by the authority of the AMA 
The data you'll find in this reference is derived from the AMA Masterfile, 
the only database maintained on all U.S. physicians. 


Some specific areas of information addressed in the book: 





- * number of groups e managed care impact 
Medical Groups e group size os * hospital relationships 
in th e U S ae * specialty composition ° medical facilities 

e geographic distribution * business equipment 








A Survey of 


Practice Here’s how you can order your copy now! 

Characteristics Order this latest version of Medical Groups in the U.S.—A Survey of 
Practice Characteristics 1990 Edition. Order Number OP 390390. 
AMA Member $60, Non-member $90. Call 1-800-621-8335 and charge 
payment to your MasterCard or Visa. 


e organizational characteristics 


ADVANCED 
VITREORETIN AL 


SYMPOSIUM 
July 25—27, 1991 


MEDICAL The Hyatt Regency 


COLLEGE Milwaukee, WI 


OF WISCONSIN Course Director 
EYE INSTITUTE William F. Mieler, M.D., FACS 









this lication 
is ovallable in 




















b 
j e H 
ee) 












Guest Faculty 


ME 












Thomas Aaberg, M.D. Robert Machemer, M.D. 
Atlanta, GA Durham, NC 
George Blankenship, M.D. Brooks McCuen, M.D. 
Hershey, PA Durham, NC 
cp iti A i Stanley Chang, M.D. Ronald Michels, M.D. 
Hien k aA d 
Please send me additional information New York, NY Baltimore, MD 






University Microfilms International 
-300 North Zeeb Road 18 Bedford Row 
Dept. P.R. 


| Dept. P.R 
reed Arbor, MI 48106 London, WC1R 4EJ 
USA: Engi and 


Relya Živojnović, M.D. 
Antwerp, Belgium 






















Vitreoretinal Faculty, The Medical College of Wisconsin 













Gary W. Abrams, M.D. Dennis. P. Han, MD. 
Thomas C. Burton, M.D. William F. Mieler, M.D. 
nstitution. REGISTRATION LIMITED « CME Credits Available 









Early Registration (by 5/15/91)-}400 
Late Registration-$450 Residents /Fellows-$200 


_ For further information, contact: William F; Mieler, M.D. 
-Eye Institute / Medical College of Wisconsin 











| 870W. Wisconsin Ave., Milwaukee, WI 53226 « (414) 257-5544 : 











April 12-17 — Chicago 





“The Osler Institute = 
Ophthalmology Review Course 
April 26-May 1 — Boston 


November 15-20, 1991 — St. Louis 


Now, your course for written and oral exams offers unlimited mock orals 





- OBJECTIVES 


© Improve basic and clinical knowledge in ophthalmology 
== $ Assist residents and fellows to study efficiently 
-+ Prepare candidates to take their board examinations 


5 The faculty was outstanding. The most pleasant thing was learning a tremendous amount, 
not only from world-famous authorities but from people who are relatively unknown as well."* 





METHODS 

















TOPICS Richard Fiscella, Ph.D. 
Fundamentals Pediatric Eye Dare Tine ee 
Anatomy Congenital Disorders en oe P 
‘Biochemistry Genetic Disorders iS ii ae E 
Physiology Strabismus ic Set ce 
Pharmacology Íntraccólar = gua eats 
ee . . avid Guyton, M.D. 

_ Anterior Segment Inflammation Johns Hopkins University 
Anterior Angle Uveal Tract Ped asia 
ores nae Tan Wiliam Beaumont Hospital 
Trauma E TE Eric Mandel, M.D. 

Optics and Refraction Eyeli ds ee ae 
: A : i D. 
Ophthalmic Optics Lacrimal System Wonca Uo 
Refractive Errors Plastic Surgery Mark Moster. M.D 
Instruments Medical Problems Temple University 
Clinical Refraction Immunology Darid Peiner MD 
a Posterior Segment Endocrinology Rush Medical College 
Retina Systemic Diseases Michael Repka, M.D. 
Vitreous Emergencies Johns Hopkins University 
- Laser Surgery Ophthalmic Pathology Rene Rodriguez-Sains, M.D. 
Seo Di Adnexa and Orbit Manhattan Eye and Ear 
ascuiar Disease External Eye Mark Shapiro, M.D. 
Neuro-ophthalmology Anterior Segment Univ. of Illinois, Chicago 
___ Neuroanatomy Posterior Segment Kenneth Simons, M.D. 
-< Optic Nerve Medical College of Wisconsin 
ES Visual Pathways Alan Chow, M.D. Ira Solomon, M.D. 
Pupillomotor System Loyola Univ. of Chicago Albert Einstien Sch. of Med. 
__ Oculomotor System arthur Cotliac, M.D. Michael Starr, M.D. 
_. Ocular Surface Columbia University Cornell University 
External Disease Serge Debustros, M.D. Thomas Stevens, M.D. 
a Cornea ; Rush Medical College University of Wisconsin 
-< Conjunctiva Robert Feder, M.D. Howard Tessler, M.D. 
<: Selera Northwestern University Univ. of IHinois at reo 
; -Name E : 
Address ; 
City/State/Zip : 
- Phone: For: [L] April 12-17, 1991 — Chicago : 
T O April 26-May 1, 1991 = Boston : 
_ Mail today to: C] Nov. 15-20, 1991 — St. Louis £ 
1094 Dawn Lane, Dept 101 g Check i is enclosed for $. : 
P.O. Box 2218 : 
j 


+ Tere na IN 47802 


E Toled od detatatahatakakobaie dk dekedat ceed teen sheneneweeene eina keia Sse eee Prertrs 


s Please send more information.. 








e HOME STUDY assignments with questions and answers 
e SEMINAR with projection-slide lecture and syllabus 
® PRACTICE EXAMS with oral and written parts 


“Accommodations were comfortable...."* 


COURSE AND LOCATION: The course 
is held the week before written and oral 
exams in the exam city. Home study ques- 
tions will be sent before the course — which 
will include lectures and syllabus. Also, 
you may buy unlimited half-hour one-on- 
one mock oral exams. The optional extra 
days, May 2 and November 21, include one 
mock oral exam and observation of seven: 
or more hours of other exams. Past par- 
ticipants recommend taking the course 
well before your exam and repeating for 
half price the week before your exam. The 
course will be held at the hotel offering the 
best combination of reasonable price and 
excellent study environment. 


"I feel [the course] helped me pass..."* 


LOWEST AIR FARES: Please call toll- 
free 1-800-548-8185 for group discounts. 


"remarkably complete and pleasant."* 


PLACEMENT SERVICE: For a practice 
opportunity write or call 1-800-356-7537. 


"the most education for the money..."* 


FEES AND COURSE HOURS: 
e Physician or Resident: Phy. Res. Hrs. 
e Six day course: $720 $480 6 


repeating within 2 years: $360 $360 60 
e Extra mock orals day: $150 $150 8 
e Mock oral exams: $70 $7 12 
e Private mock orals: $100 $100 1⁄2 
e Add 10% within 10 days of the course. 

e Attendees not in course hotel add $20/day. 

e Fees do not include lodging or meals. 

e A deposit of $50 will reserve your position. 

e Most home study materials will be mailed 
after half of the registration fee is received. 


"home study material was extremely helpful."* 


REFUNDS: Subject to-a 4 
will be made up until the seminar begins. 








q 


0 fee, refunds 


eCancellation after mailing home study — o 


material requires retention of half the fee. 


INFORMATION: 
Joseph H: Selliken, Jr, M.D. 
`- The Osler Institute 
1094 Dawn Lane, P.O, Box 2218 
Terre Haute, IN 47802 
(800) 356-7537 or (812) 299-5658 


* Comments by past Osler participants 


GIVES Dry EYE 
PATIENTS THE 
'OMFORT OF CooL 















ENHANCED COMFORT 


© New formula overwhelmingly preferred by 
patients over the original formula’ vative that MET core 


+ Feels cool and soothing in the eye' (in vitro data) 


_ © Contains no EDTA 


PHYSIOLOGIC FORMULA 


< # Patented DUASORB® system mimics the 
-= action of natural mucin fora strong, stable 
tear film layer z 







The same onii and pH as natural te tears 
: Low viscosity 








[Classified Advertising 


Ail classified advertising orders, correspondence and payments sh 
Clearwater, Florida 34617. Our telephone numbers are: 800-237. 
related correspondence to the AMA headquarters in Chicago. This causes needless delay. 


Inquiries about “BOX NUMBER” advertisements: All replies must be in writing and must cite the box number in the ad. Example: 
.¢/o AOP, P.O. Box 1510, Clearwater, Florida 34617. We are not permitted to divuige the identity of advertisers who wish their 
mail sent in care of Archives of Ophthalmology. 


Box 











CLASSIFIED 
INFORMATION 


Regular Classified 1Time 3 Times 

or more* 
Cost per word $1.05 $ .95 
Minimum ad: 20 words. per issue 


“In order to earn the three-time rate. your ad must be placed 
and prepaid at the same time for three or more issues 


Classified Display 1Time 3 Times 
Full page $655 $603 
Two-thirds page 561 516 
One-half page 495 456 
One-third page 393 362 
One-sixth page 262 241 
Column inch 90 75 
Closing Date 


The 25th of the second month prior to issue 
date. Example: The November issue closes 
September 25th. No ads can be cancelled 
after the closing date. 


Send all copy, correspondence, production 
materials and payments to: 


archives of 
Classified Department 


P.O. Box 1510, Clearwater, Florida 34617 


For assistance with your ad schedule call toll free: 
800-237-9851 O 813-443-7666 





PITTSBURGH — Established, four-person, special- 
ty ophthalmology group seeks personable, well- 
trained general ophthalmologist. No primary care. 
Very active surgical service. Fully equipped, multi- 
office practice. Excellent salary and benefits pack- 
age. Flexible work environment. Convenient to 
affordable housing and excellent schools in one of 
America’s “Most Livable Cities”. Send CV to: Box 
#639, c/o AOP. 








for subspecialist to join dynamic high-volume 
medical/surgical practice in Pittsburgh, Pennsyl- 
vania. Several offices with extensive in-house 
equipment, including lasers. Outstanding referral 
base. Attractive salary. Partnership potential. Fel- 
lowship training in cornea or glaucoma desirable. 
Contact: Kelly McMahon, Daniel Stern and Associ- 
ates, Suite 240, 211 North Whitfield Street, Pitts- 











high volume, nine-member multi-specialty group. 
Subregional medical campus being developed. 
Excellent opportunity plus attractive financial 
package. Located in east-central Montana along 
the Yellowstone River. Big Sky Country, great out- 
doors living. Good schools, a beautiful place to 
raise a family. Send CV to: Administrator, Garber- 





OPHTHALMOLOGIST, optometrist, ophthaimic 
technician — Leading eye center. Retina expertise 
“preferred. Top location and salary. P.O. Box 20M, 
-220 East 65th Street. New York City. NY 10001. 


















CORNEA: Cornea group seeks associate for high 
volume surgical practice, limited to cornea and 
external disease; fellowship recuired. Contact: 
Theodore Perl, MD, Corneal Associates of New Jer- 
sey, (201) 736-1313. 





training needed for unique opportunity. Excellent 
starting salary with full partnership potential. Please 
respond to: Box #633, c/o AOP. 





SOLO PRACTICE— General ophthaimelogy. Profit- 
able high per capita income west Texas. Modern 
office equipment, minor operating suite, microscope, 
ultra sound, micro surgical instruments. Two hospi- 
tals, good schools, college and university. High 
practice expansion potential in pediatrics and 
surgery. Box #635, c/o AOP. 






TWO BUSY OPHTHALMOLOGISTS (with cornea 
and glaucoma subspecialties) looking for associate. 
Beautiful town of Lancaster. Pennsylvania, with latest 
diagnostic and OR equipment. 1'4 hours from Phila- 
delphia and Baltimore. Fully automated effice. Un- 
usual opportunity for exciting practice and ideal family 
life-styJe. For further information, send CV and salary 
expectations to: Barton L. Halpern, MD, ($32 Lititz 
Pike, Lancaster, PA 17601 


VITREO-RETINAL SURGEON needed to join busy 
midwest medical and surgical retina-only practice. 
Fully equipped, multi-office practice. Fellowship 
required. Excellent salary with buy-in leading to 
partnership. ideal area for family ‘iving with year 
round recreation and excellent schoc! systems. 
Box #623, c/o AOP. 





thalmologist to join established ophthalmology 
practice in beautiful northern New England. Refer- 
ral base 400,000 with 120,000 in immediate area. 
Wide ranging cultural, academic and recreational 
opportunities. Modern, well equipped office adjoin- 
ing growing medical center with extensive diagnos- 
tic and laboratory services. Association with oppor- 
tunity for partnership. Send CV to: Jean H. Tibbetts, 
MD. Suite 230, 417 State Street, Bangor, ME 04401. 
















CORNEAL 


CONSULTANTS 
OF INDIANA 


MEDICAL OR NON-SURGICAL 
CORNEA AND EXTERNAL DISEASE SPECIALIST 
Must enjoy ophthalmology anc caring for 
patients. Stimulating private practice environ- 
ment with large commitment to clinical research. 
Fiexible work schedule and benefits. All qualified 
applicants please contact: Anna Settle, Corneal 
Consultants of indiana, 9002 North Meridian 
Street. Suite 100, indianapolis, IN 45260 


OPHTHALMOLOGIST —B8C/BE to associate witha 
two physician department in an eighty physician, 
multi-speciaity group. City of 63,900 on Puget 
Sound, thirty miles north of Seattle. Opportunity for 
an exceptional personal/professional lifestyle. 
Position available summer 1991. Serd CV to: 
Richard A. Davidson, MD, The Everett Clinic, 3901 
Hoyt Avenue, Everett, WA 98201. 


PLEASE NOTE—Address replies to box number 
ads as follows: Box number, „Co AOP, 
P.O. Box 1510, Clearwater, FL 34617. 
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ould be directed to: Archives of Ophthalmology, P.O. Box 1510, 
~9851. 813-443-7666. Please do not send classified ads, payments or 





OPHTHALMOLOGY — PEDIATRICS 
Board-eligibie/-certified pediatric ophthalmologist 
sought to join our six ophthalmologists and seven 
optometrists in West Reading, Pennsylvania. We are 
located ane hour northwest of Philadelphia, Pennsy!- 
vania, Berks County is an excellent medical community 
and family environment. We have modern, weil- 
equipped offices with certified allied health profes- 
sionals. We offer superior salary and fringe benefits. 
with the opportunity for partnership. interested indi- 
viduals should send curriculum vitae to: Mr. David L. 
O'Donnell, Administrator, 

West Reading Ophthaimic Associates 
206 South Sixth Avenue, West Reading, PA 19611 
Telephone: (215) 378-1348 





OPHTHALMOLOGIST — WASHINGTON. The 
Moses Lake Clinic, a multi-specialty group of thir- 
teen physicians, seeks a BC/BE ophthalmologist. 
Guaranteed salary and partnership track available. 
Excellent benefit package. Abundant four-season 
recreational opportunities. Contact: R. Bennion, 
MD, Moses Lake Clinic, 840 Hill Avenue, Moses 
Lake, WA 98837. 


SOUTHERN CALIFORNIA 


Exceptional opportunity to join, by earn-in 
purchase, busy and growing Riverside County 
practice located one hour from Los Angeles. 


This modern, state-of-the-art equipped office 
with its friendly and cohesive staff is consi- 
dered the premier practice within the family 
and retirement oriented community. The 
excellent year round weather and strong 
economy assure good surgical. medical 
volume and profit. 
For further information: 


Roy D. Sutton, HI 


XELAN, INC. 
5250 West Century Boulevard, Suite 450 
Los Angeles, CA 90045 © (213) 216-2500 


NEW YORK, SARATOGA SPRINGS. Well estab- 
lished solo ophthalmologist seeks ethical and 
personable BC/BE general ophthalmologist to join 
growing practice in cosmopolitan Saratoga Springs 
in upstate New York. Interests in anterior segment. 
glaucoma, pediatrics and plastics are desirable but 
not mandatory. Enjoy working in bright, spacious, 
weil equipped, new office with four modern exam 
rooms. Equipment includes Argon/YAG lasers, A 
and B scan ultrasound, autorefractor, Humphrey 
field analyzer. and photographic equipment. Out- 
patient surgery and ER facility at hospital (across 
the street). Competitive salary guarantee plus 
incentives and excellent benefit package. Located 
three hours from New York City, Montreal and Bos- 
ton, and a half hour from Albany, Saratoga is a 
historic, close-knit community with lovely neigh- 
borhoods, fine restaurants, specialty shops and 
entertainment inciuding thoroughbred racing and 
the Saratoga Performing Arts Center. Proximity 
to Lake Placid, the Adirondacks and the Green 
Mountains of Vermont is ideal for skiers and outdoor 
enthusiasts. Please forward CV to: Thomas Fran- 
comano, MD, c/o Denise Romand, Medica! Staff 
Recruiter, Saratoga Hospital, 211 Church Street, 
Saratoga Springs, NY 12866. For more information 
cali the recruitment office at: (518) 583-8465 (days), 
or (518) §83-3120 (evenings) 








VITREO-RETINAL SURGEON: Florida practice 
limited to vitreoretinal surgery seeks additional 
associate, Fellowship and board-certification 
required. Competitive salary and bonus incentive 
with buy-in leading to partnership. Send CV to: Box 
#638, c/o AOP. 














Pediatric 
Ophthalmologist 


| Marshfield Clinicis seeking a fellowship- 
-trained Pediatric Ophthalmologist to 
zjoin its 9 member Ophthalmology De- 
partment. Existing staff includes spe- 
“cialists in retina, cornea, glaucoma, 
|neuroophthalmology and general oph- 
“thalmology. The Clinic is one of the 
“<-nation’s. largest multispecialty clinics 
‘with over 300 physicians serving Central 
and Northern Wisconsin. Outstanding 
Department of Pediatric subspecialists 
to support your practice as well. If inter- 
ested please contact: 


James Hokberger, M.D. 
Department of Ophthalmology 
-: By calling collect at 715-387-5236 


Marshfield Clinic 


PEDIATRIC OPHTHALMOLOGIST, general oph- 
thalmologist — Minneapolis/St. Paul: Two BC/BE 
physicians to join staff of nine ophthalmologists in 
one of the oldest pre-paid, multi-specialty group 
practices in the midwest. Superb compensation 
package with an extremely stimulating practice 
environment. Please send curriculum vitae to: Phy- 


i sician Services, Group Health, Inc., 2829 University 


Avenue Southeast, Minneapolis, MN 55414. 


CORNEAL 


CONSULTANTS 
OF INDIANA 


GLAUCOMA SUBSPECIALIST 
Busy referral subspecialty practice seeks full-time 
glaucoma subspecialist. Applicant must be fellow- 
ship trained, board-certified or board-eligibie. 
Responsibilities will include clinical research. All 
qualified applicants please contact: Anna Settle. 








|| GLAUCOMA 


Full-time position for a glaucoma 
specialist, including patient care, 
surgery, research, and teaching 
assignments. 


Candidates must have a medical 
degree with specialty in 
ophthalmology and board-certified 
or -eligible, and at least one year 
of subspecialty training in 

- glaucoma. The individual will be 

` expected to participate in NIH and 

“pharmaceutical company 
supported clinical trials. 


Salary and rank commensurate 
with training and experience. 
Starting date wili be May 1, 1991. 


Please forward letters of 
application and CV to: 


Jacob T. Wilensky, MD 
Department of 
Ophthalmology-Glaucoma 
UIC EYE CENTER (m/c648) 
1855 West Taylor 
- Chicago, IL 60612 


In order to receive full. - 
consideration, applicants should 
pply by March 1, 1991. 


he UIC is an AA/EOE. 





CORNEAL CONSULTANTS OF INDIANA 
9002 North Meridian Street, Suite 100 
Indianapolis, IN 46260 


SOUTH GEORGIA— Positions available: Genera! 
ophthalmology or any subspecialty. High starting 
salary plus incentive bonus and excelient benefits. 
Partnership available after one or two years. Con- 
tact, in confidence: Tom Whatley, 116 West Sturte- 
vant Street. Orlando, FL 32806. 





tan area seeks another associate. Excellent facilities 
with academic affiliation. Send resume in confi- 
dence to: Box #637, c/o AOP. 





Manhattan Eye, Ear 
and Throat Hospital 


is seeking a board-certified oph- 
thalmologist to direct the residency 
training program. This one- or two- 
year position is an outstanding op- 
portunity for someone who has 
recently completed an academic 
fellowship and is interested in estab- 
lishing a practice in New York City. 


The physician will supervise the res- 
idents’ clinical and surgical training 
and will coordinate an extensive 
academic calendar. There is oppor- 
tunity for private practice. 


Please send CV to: 


Ms. Mary Matthews 
Manhattan Eye, Ear & Throat Hospital 
210 East 64th Street 
New York, NY 10021 








Ophthalmologist 


Kaiser Permanente, Northwest Region, is seeking a board 
certified or eligible Ophthalmologist for a one-year locum tenens 
position with our multispecialty group in Portland, Oregon 
beginning July 1991. We currently have eight Ophthalmologists 


on staff, two specializing in cornea and retina. 


Experience the quality of life in the beautiful Pacific Northwest, 
close to mountains and beaches. We offer a competitive salary and 
paid malpractice. Forward inquiry and C.V to: Fred M. Nomura, 
M.D., Regional Medical Director, Northwest Permanente, PC., 3600 


N. Interstate Ave., Portland, Oregon 97227. E.O.E. 





‘Northwest Permanente PC. 
Physicians and Surgeons 



































< | OPHTHALMIC PLASTIC SURGERY FELLOWSHIP: Tue University oF 
The University of Michigan, Department 


Broad Clinical experience provided. Over 1,500 
$ i $ - cases per year, Kresge Eye Institute affiliated. Con- RIZONA : 
of Ophthalmology is seeking a faculty | tact Dr Gladstone or Dr. Nesi, 29201 Telegraph ; 
member with a Particular interest in Road, Suite 305, Southfield. Mi 48934. Fellowship 
comprehensive ophthalmology. The | begins July 1992. 





Department of Ophthalmology 


aculty rank is flexible and will ed | NEURO-OPHTHALMOLOGY FELLOWSHIP avait- |, it 

faculty rank ie flexible and will be based abie 151901. 9 be ESE, s A S is recruiting for a full-time faculty member 
on the individuals academic qualifica- RAG ee Dg g July t, ; y. with strong interest in academic ophthaimol- 
: ap : r benefits paid. Qualified candidates should respond R ibiliti it includ id 
ations. Satisfactory completion of an oph- | with current CV to: B.K. Farris. MD. Dean A. McGee | 09Y: Responsibilities will include resident 


: fe ; : raining a atient ith ity for 
thalmology residency program leading | Eye institute. University of Oklahoma HSC, Depart- | f2!ning and patient care with opportunity for 








research. 
to certification by the në Fo ecb ae mentof Ophthalmology, P.O. Box 26901, Oklahoma 
A a p City. OK 73190-2008. Candidates must posses board-certification 
y re ement for PR Ee TE NN pene high GOT PROT Ss or -eligibility and be eligible for li i 
candidates FELLOWSHIP IN PEDIATRIC Ophthalmology and Dena, cs Png OPACO MISIN 


Strabismus. The Department of Pediatric Ophthal- 
Duties of the position include direct mology at Sainte-Justine Hospital Universite de Subspecialty training in pediatric ophthal- 





: che mrt Montreal, offers a one year fellowship in pediatric mology, ocular pathology or other fellowship 
patient eare and supervision in the ophthalmology and strabismus starting July 1992 training with an interest in comprehensive 
Comprehensive Ophthalmology Clinicat | Knowledge of French is required. The fellowship ophthalmology is preferred. : 
the Kellogg Eye Center, teaching of resi- | offers active involvement in a densely populated Academic rank is based on experience and 


2 eat a S? 7 outpatient clinic as well as inpatient consultation in 
dents and medical students. and con- | a six hundred bed pediatric university hospital. Sur- i The Universiiy. offers lent 
"duct of clinical andor basic research as. | gical training is included in the teliowship. For essor DE University: Olfers an excellen 

3 tad as benefit and compensation package. Tucson is 
befits a tenure track faculty member further information please write io: Dr. Magda ` : i. 

cer T rn A Barsoum-Homsy. Director of Pediatric Ophthal- a growing Sunbelt city renowned for its pisas- 
Those interested in the position are mology. Sainte-Justine Hospital, 3175 Cote Sainte- sA ee phe Oe diversity and spectacular 
asked to submit their curriculum vitae | Catherine, Montreal (Quebec) H3T °C5. eels SOT TYs 
and bibliography to: E es = Qualified candidates should forward a letter of 
aa interest and current curriculum vitae to: 
Paul R. Lichter, MD 


may range from assistant professor to full pro- 


























nnn é ves ies THE DEPARTMENT OF OPHTHALMOLOGY. Jules Robert W. Snyder, MD, PhD 
F. Bruce Fralick, Professor and Chairman Stein Eye institute of the UCLA School of Medicine Search Committee Chairman 
Department of Ophthalmology is recruiting for a full-time academic faculty Ce ee 
appointment in refractive surgery. Candidate must niversity of Arizona 
THE UNIVERSITY OF MICHIGAN have training in cornea/external ocular disease in Health Sciences Center 
W K KELLOGG EYE CENTER addition to skills in basic and clinicatresearch in the Tucson, Arizona 85724 
1000 WALL STREET field of refractive surgery. Applicants shouid submit Review of applications will begin January 1, 
a current curriculum vitae to: Thomas H. Pettit, MD, 1991 and will continue until position is filled. 
ANN ARBOR, MI 48105 Chairman, Search Committee. Department of Oph- i posi 
The University of Michigan is an equal opportunity thaimology, Jules Stein Eye Institute UCLA School The University of Arizona is an equal opportu- 
and affirmative action employer and actively seeks | Of Medicine. 100 Stein Plaza, Los Angeles. CA nity/affirmative action employer. Women and ‘ 
diversity in its applicant pool 90024-7003. UCLA is an equal opportunity/affirma- minorities are urged to apply. 
i tive action employer. 
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Actinavlerecua| 
PHYSICIAN menos 
Ophthalmic Clinical Research is seeking candidates for a full- 


Merck Sharp & Dohme Research Laboratories, a leader in time faculty position. 
Pharmaceutical Research, is seeking a physician for the position of : Pere ; 
Associate Director for its clinical research group in Blue Bell, PA. The Duties and responsibilities will 
successful candidate will have ophthalmology as their primary or sec- include patient care, teaching, 
ondary specialization. The potential for flexibility could be advantageous. research, and administration. 


i i i ith ience in research : 
is ghd war be given to a candidate with some experience in researe Candidates must haved 


Major assignments will be directed toward planning and coordinating the medical degree, board-certified 
clinical investigation of new Merck drugs. This will include the preparation of or -eligible in ophthalmology, 
clinical plans and the protocols for clinical studies for Phases | to V. and at least one year of post- 
Interaction with preclinical and pharmacology groups will be essential as will id trāini f 
interaction with academic investigators. The physician will, with data coordi- _ Fesigency training In 
nation and statistical support, have medical responsibility for evaluation of retinal/vitreous surgery. 
the clinical data collected and for the reports of the study results. Clinical ae : 
teaching at one of the area medical schools is encouraged. The position Anticipated starting date 
involves some travel. Attendance at key medical meetings is expected. is May 1, 1991. In order to 


Merck offers excellent salary opportunities and a benefit program that receive full consideration, 
includes an employee stock purchase program, a tax sheltered income applications should be 
plan, group life insurance, major medical and dental coverage, education- ; 
al assistance, and relocation Our Kae facilities are an n received by March 1, 1991. 
attractive suburban Philadelphia area. Interested candidates should sub- 

mit their resume in compiete confidence to: Sue H. Kim (BL1-1), Dept. Salary and rank commensurate 
90S-12, Merck Sharp & Dohme Research Laboratories, West with training and experience. 
Point, PA 19486. Send CV to: 


EEO/AA/V/H Employer EN John W. Chandler, MD 


Professor and Head 
Merck & Co., Inc. 














UIC Eye Center (m/c648) 
1855 West Taylor 
Chicago, IL 60612 

The UIC is an AA/EOE. 










































| ©: Full-time:academic position is avail- 
o ablein the Glaucoma Section of the 
Department of Ophthalmology at 
| Indiana University Schoo! of 
‘Medicine at the level of assistant 
“professor on the tenure track. 
Qualifications for position are 
completion of accredited 
“ophthalmology residency and 
glaucoma fellowship, board- 
_-°“gertification or -eligibility and very 
strong interests in clinical and basic 
“s¢ience research. Responsibilities 
“include participating in curriculum 
-development and teaching of 
residents and medical students, 
-staffing private and clinic patients 
ot Indiana University Hospitals, 
< Wishard Memorial Hospital and VA 
-u Hospital. Individuals must have 
very strong clinical interests and 
“interests in clinical research, and be 
“willing to support basic science 
research as well. 
Send CV and six letters of 
reference to: 
























































Robert D. Yee, MD 

c/o Sandra Eads 

Indiana University 
Department of Ophthalmology 
702 Rotary Circle #337B 
indianapolis, Indiana 46202 
indiana University is an equal 
opportunity action employer. 


















|| The University of Michigan 
Department of 
Ophthalmology 


is seeking to add to its faculty, a glau- 
coma subspecialist. Faculty rank is 
flexible and will be based on the indi- 
vidual’s academic qualifications. 
Applicants must be certified by the 
American Board of Ophthalmology 
and must have demonstrated inter- 
[vest and experience in patient care, 
“education and research. 
















| Individuals interested in this position 
should submit their curriculum vitae 
“and bibliography to: 


Paul R. Lichter, MD 

1-F. Bruce Fralick 
Professor and Chairman 

Department of Ophthalmology 


|| The University of Michigan 
|| WK Kellogg Eye Center 

1000 Wall Street 

Ann Arbor, MI 48105 

he University of Michigan is an 

qual opportunity and affirmative 

ion employer and actively seeks 

sity in its applicant pool. 
























The University of Michigan. 
Department of Ophthalmology 
seeks to add to its faculty an 
individual with subspecialty training 
in immunology and uveitis. 





qualifications. Send CV and inquiries to: 
Robert S. Baker, MD, Chairman 
Department of Ophthalmology 
Warren G. Wright Medical Plaza 
801 Rose Street 
Lexington, KY 40536-0223 
An equal opportunity, affirmative action employer 


















Applicants must be certified by the 
American Board of Ophthalmology 
and must have demonstrated 
interest in patient care, education 
and research. Faculty rank is 
flexible and will be commensurate 


PRACTICE SALES are confidential and guaran- with individual’s academic 
teed. NMA is the specialist to call for professional credentials. 

help in buying or selling. National Medical Alliance, 
Inc., 8136 Old Keene Mill Road, Suite 208B, Spring- ae : : : 
field, VA 22150. (703) 866-5908 or (800) 331-1986. | !Mdividuals interested in this 


OE ae a eee ye weet eg ne position should send their 
FREE PRACTICE! Just lease modern office at 


appraised rate of $10.50/foot with bond guarantee curriculum vitae and biblio- 
of payment. In fantastic Boise, Idaho. Box #634.c/o | graphy to: 
AOP. 


EXCELLENT LOCATION in sunny southern | Paul R. Lichter, MD 
California. Optical practice. Three day week with | F. Bruce Fralick 


potential for much more. Turn key operation, : 
patients, equipment. lease, reasonable. Seller wishes Professor and Chairman 
to retire. If interested, call Donna at: (714) 771-6595. | Department of Ophthalmology 


THE UNIVERSITY OF MICHIGAN 
W K KELLOGG EYE CENTER 


MARKETING CATARACT and RK surgery — Our 1000 Wall Street 
eyecare television programs are generating hun- Ann Arbor, MI 48105 


dreds of patient appointments in cities across the The University of Michigan isan 
country. The half-hour programs are educational equal opportunity and affirmative 


and designed to air on network, cable, or independ- i i 
ent stations. Each program is customized featuring | action employer and actively seeks 
you and your practice. For a demo tape call: Michele i in i i 
Barrere, DeCorte Productions, 3229 8th Street, diversity in its applicant pool. 


Metaire, LA 70002. (504) 833-2815. 



































DIRECTOR 
Dean A. McGee Eye Institute 


and 


CHAIRPERSON 
Department of Ophthalmology 


The University of Oklahoma College of Medicine 


The Dean A. McGee Eye Institute and the University of Oklahoma College of Medicine 
invite nominations and applications for the position of Director and Chief Executive 
Officer of the Dean A. McGee Eye Institute and Chairperson, Department of Oph- 
thalmology, The University of Oklahoma College of Medicine. The Dean A. McGee 
Eye Institute is a private organization affiliated with the College of Medicine. Its 
facilities are on the campus of the Oklahoma Health Center. The incumbent is retiring 
from this position after eighteen years and has developed a premier program in 
academic ophthalmology. The successful candidate will have the opportunity to con- 
tinue building the Institute’s and Department's programs upon this superb base. 
Candidates should have an MD degree, certification by the American Board of Oph- 
thalmology, and a record of distinguished academic accomplishment with strong 
leadership and administrative skills. 

Interested parties should submit a letter of application, curriculum vitae and biblio- 
graphy, a summary of accomplishments and goals, and the names of at least three 
references to: 































Ophthalmology Search Committee 


UNIVERSITY OF OKLAHOMA HEALTH SCIENCES CENTER 
COLLEGE OF MEDICINE 
Dean's Office, Post Office Box 26901, Oklahoma City, OK.73190. 
The evaluation of candidates will commence in February, 1991 and will continue until: 
the position if filed o no s i a8 : 
An equal opportunity/affirmative action employer: 
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The BIO-COR® Collagen Corneal 
Shield is the only collagen shield 
that has been shown to promote 
epithelial healing — the 12-hour, 
24-hour and 72-hour Shields have 
been reported to reduce healing 
time as much as 50% or more.! 


Comfort confirmed in 
92% of patient visits? 


Number of Patient Visits 





moderate severe 
Discomfort Level Reported 


92% of visits disclosed no stinging, burning, 
itching, pain, or eye watering. Only 4 of 50 patient 
visits disclosed “mild” discomfort, with no 
instances of “moderate” or “severe” discomfort 
reported 

+Denotes number of patient visits 


1. Data on fle, Bausch & Lomb Pharmaceuticals, Inc. 











BIO-COR® lubricates and 
protects the eye as it helps 
speed healing 


BIO-COR® allows increased fibro- 
blast activity at incision; normal- 
izes surface epithelial bonding; and 
because the BIO-COR® Shield 
assures up to one-third more 
collagen availability than other 
collagen shields, BIO-COR® pro- 
vides greater collagen content at 
the wound site. 


Comfort your patients 
will appreciate 


BIO-COR® offers good oxygen 
permeability to increase oxygen 
diffusion and provide greater com- 
fort to the healing eye. BIO-COR® 
helps reduce post-operative 
stromal edema and minimizes 
inflam- = 

matory 
reac- 
tions. 





ausch & Lomb 





n shield can protect and lubricate... 
there's only one that promotes | 


BIO-COR® absorbs ocular fluids 
readily. It eliminates the discom- 
fort of conventional bandages, 
and is clear enough to allow vision 
through the Shield. 


Encourages compliance, 
because it eliminates 
post-procedural patient 
responsibility 
BIO-COR® offers timed, natural, 
gradual dissolution, and provides 
functional vision while the Shield 
dissolves. 
Innovation: the benchmark 
of leadership 
BIO-COR® Collagen Shield — the 
first of many innovative products 
from Bausch & Lomb Pharma- 
ceuticals, Inc. collagen research. 
The kind of clinical advance you 
expect from a leader. 


BIO-COR” 


COLLAGEN CORNEAL SHIELD 


Bausch & Lomb 


Pharmaceuticals Inc 




















; The Journal of the American Medical Association 


JAMA’s “CME Forum” will provide a new resource 
for physicians seeking continuing medical educa- 
“tion opportunities nationwide. Starting in January, 
1991, the “CME Forum” will appear each week in 
JAMA, referenced in the table of contents. 


The “CME Forum’ will offer new listings each week 
in a high visibility format for ease of reference. Look 
to JAMA's “CME Forum” for continuing medical edu- 
cation opportunities in your subject of interest. 

















Polytrim® Ophthalmic Solution Sterile 
(trimethoprim sulfate and polymyxin B sulfate) 





INDICATIONS AND USAGE: Polytrim Ophthalmic Solution is 
indicated in the treatment of surface ocular bacterial infections, 
including acute bacterial conjunctivitis, and blepharoconjunc- 
tivitis, caused by susceptible strains of the following microor- 
ganisms: Staphylococcus aureus, Staphylococcus epidermidis, 
Streptococcus pneumoniae, Streptococcus viridans, Haemophilus 
influenzae and Pseudomonas aeruginosa * Efficacy for this or- 
ganism in this organ system was studied in fewer than 10 infec- 
tions. CONTRAINDICATIONS: Polytrim Ophthalmic Solution is 
contraindicated in patients with known hypersensitivity to any 
of its components. WARNINGS: NOT FOR INJECTION INTO THE 
EYE. If asensitivity reaction to Polytrim occurs, discontinue use. 
Polytrim Ophthalmic Sohution is not indicated for the prophylaxis 
or treatment of ophthalmia neonatorum. PRECAUTIONS: 
General: As with other antimicrobial preparations, prolonged 
use may result in overgrowth of nonsusceptible organisms, 
including fungi. If superinfection occurs, appropriate therapy 
should be initiated. Information for Patients: Avoid contam- 
inating the applicator tip with material from the eye, fingers, or 
other source. This precaution is necessary if the sterility of the 
drops is to be maintained. If redness, irritation, swelling or pain 
persists or increases, discontinue use immediately and contact 
your physician. Carcinogenesis, Mutagenesis, Impairment of 
Fertility: Carcinogenesis: Long-term studies in animals to 
evaluate carcinogenic potential have not been conducted with 
polymyxin B sulfate or trimethoprim. Mutagenesis: Trimetho- 
prim was demonstrated to be non-mutagenic in the Ames assay. 
In studies at two laboratories no chromosomal damage was 
detected in cultured Chinese hamster ovary cells at concentra- 
tions approximately 500 times: human plasma levels after oral 
administration; at concentrations approximately 1000 times 
human plasma levels after oral administration in these same cells 
a low level of chromosomal damage was induced at one of the 
laboratories. Studies to evaluate mutagenic potential have not 
been conducted with polymyxin B sulfate. Impairment of Fer- 
tility: Polymyxin B sulfate has been reported to impair the 
motility of equine sperm, butits effects on male or female fertility 
are unknown. No adverse effects on fertility or general reproduc- 
tive performance were observed in rats given trimethoprim in 
oral dosages as high as 70 mg/kg/day for males and 14 mg/kg/day 
for females. Pregnancy: Teratogenic Effects: Pregnancy 
Category C. Animal reproduction studies have not been 
conducted with polymyxin B sulfate. It is not known whether 
polymyxin B sulfate can cause fetal harm when administered to 
a pregnant woman or can affect reproduction capacity. Trimetho- 
prim has been shown to be teratogenic in the rat when given in- 
oral doses 40 times the human dose. In some rabbit studies, the 
overall increase in fetal loss (dead and resorbed and malformed 
conceptuses) was associated with oral doses 6 times the human 
therapeutic dose. While there are no large well-controlled studies 
on the use of trimethoprim in pregnant women, Brumfitt and Pur- 
sell, in a retrospective study, reported the outcome of 186 preg- 
nancies during which the mother received either placebo or oral 
trimethoprim in combination with sulfamethoxazole. The inci- 
dence of congenital abnormalities was 4.5% (3 of 66) in those who 
received placebo and 3.3% (4 of 120) in those receiving trimetho- 
prim and sulfamethoxazole. There were no abnormalities in the 
10 children whose mothers received the drug during the first 
trimester. In a separate survey, Brumfitt and Pursell also found 
no congenital abnormalities in 35 children whose mothers had 
received oral trimethoprim and sulfamethoxazole at the time of 
conception or shortly thereafter. Because trimethoprim may. 
interfere with folic acid metabolism, trimethoprim should be used 
during pregnancy only if the potential benefit justifies the poteri- 
tial risk to the fetus. Nonteratogenic Effects: The oral adminis- 
tration of trimethoprim to rats at a dose of 70 mg/kg/day com- 
mencing with the last third of gestation and continuing through 
parturition and lactation caused no deleterious effects on gesta- 
tion or pup growth and survival. Pediatric Use: Safety and 
effectiveness in children below the age of 2months have not been 
established (see WARNINGS). ADVERSE REACTIONS: The moste $ 
frequent adverse reaction to Polytrim Ophthalmic Solution is local - 
irritation consisting of transient burning or stinging, itching or 
increased redness on instillation. These reactions occur in less 
than 4 of 100 patients treated. Polytrim has.a low incidence of 


hypersensitivity reactions (less than 2 of 100 patients treated): l RIN 


consisting of lid edema, itching, increased redness, tearing and/or 
circumocular rash. Although sensitivity reactionsto trimethoprim: f- 
are rare, an isolated incident of photosensitivity was reported z 
in a patient who received the drug orally: 


4 4 ALLERCAN PHARMACEUTICALS | 


Allergan Pharmaceuticals, A Division of Allergan, Inc. 
Irvine, CA 92713 ©1990 Allergan, Inc. 





Polytrim Ophthalmic Solution, contai 
the antimicrobial agent trimethoprim, is th 
new ophthalmic anti-infective to ap 
years. And it may be one of the: 

Polytrim Solution was 
clinically effective in t 
bacterial conjunctiviti 
conjunctivitis in La 


Whats Been Missing 
From Your 


Ocular Ant-Infective | 
Therapy? 


y thoprim sulfate 0.1% - 
xin B sulfate 10,000 units 


€A.92713° © 1990 Allergan, Inc. 




















_ Who Develops Cataracts? 
S. K. West 





Low-Dose Aspirin and Risks of Cataract in a 


Randomized Trial of US Physicians 
ve M., Seddon, W.G. besten. E. Manson, 














Exposure to Phenothiazine Drugs and Risk of Cataract 
me ue NY E Isaac, A. M. Walker, H. Jick, M: poten 





Falls i in Elderly Patients With Glaucoma 


CR. l. Glynn I. M: Seddon, J. H. Krug, jr, C. R. “Sahagian, 
ME ehiavelli, E. W: _ Campion 





“Optic Nerve Head ‘and: Nerve 2 Fiber Layer 


in Alzheimer’ s Disease . 
G: S. Tsai, R. Ritch, B. Schwartz; S. S. Lee, N. R. Miller, T. Chi, F. Y. Hsieh 





- Large Rectus Muscle Recessions for the 


Treatment of Congenital Nystagmus 
<> G. K. von Noorden, D. T. Sprunger 
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The eyes 
can be 
windows 
to alot 
more than 
the soul. 


Some of the most poetic 
passages throughout history 
have been written about 
the eyes. 

But this isn’t one of them. 


Ocular beta blockers can 
affect more than the eyes. 


Unfortunate, but true. 
Minutes after a single dose of 
an ocular beta blocker, the 
drug is detectable in the 
plasma of most individuals.’ 
That's important when you 
consider that most glaucoma 100 
patients are elderly. With age 
comes a normal decline in 
physiologic function and 
increased susceptibility to 
‘systemic disease.” And 


concomitant systemic A <a! Doesn't it make sense to 
| elon o Nee i == -consider BETOPTICS when 
IKennood OF adverse arug Tiea ae he eny slaucon 









With BETOPTIC®S (betax 
HCl) you can expect ong 
term maintenance of IOP - 
reduction” A superior pulm 
nary safety profile. Minim; 
cardiovascular effects.° Anc 
very low incidence of report 
systemjc side effects, incluc 
ing CNS Chects.* 










Percent remaining (average) 
i a “g w o 
© o o 


y 
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-reactions e age E E a 





PTC jon has 
sroduced minimal effects in sat ients with reactive airway 
disease; exercise c ition in treating patients with 
excessive restriction of pulmonary “function. Asthmatic 
attacks and pulmonary distress have oe Epo . 
luring pay ol treatment. Although rechallenges of 
jome chp ents with op i ol have not 
idversely affected pulmonary FANT on test results, the 
rossibility of adverse pulmonary effects in patients 
sensitive to beta blockers cannot be ru Jed out. 

Contraindicated in patientæwith sir inus bradycardia, 
seater th na first-degree atrioventricular bloc 
‘ardiogeni sh cardiac failure or 

ersensitivity to any component of thi 
in treafing patients with a 


jon in patients r iving ¢ Pst ae depleting drugs 
kucias reserpine and adrenergic psychotropic drugs i 

BETOPTIC $ Suspen en well tolerated in a 
najority of pati Discomfort of short duration upon 
nstillation may be experienced. Systemic reactions have 
heen reported rarely and a complete listing appears in 
he prescribing information. 


i a mi 
. In: f 
wren if edicai daeta 
x, Conn: Applet 


a On pu mo 


Am] Colla mol. 


iovascular è 


The beta blocker with a 
echnological difference. 


of prescribing information adjacent to this advertisement, 
©1990 Alcon Laboratories, Inc. 


Alcon 
OPHTHALMIC 


Aicon Laboratories, inc 
. Texas 76134 























- BETOPTIC® S petaxoioi Hci) 0.25% as base Sterile Ophthalmic Suspension 


DESCRIPTION: BETOPTIC S Ophthalmic Suspension 0.25% contains betaxolol hydrochloride, a 
‘Cardio-selective beta-adrenergic receptor blocking agent, in a sterile resin suspension formulation. 
INDICATIONS AND USAGE: BETOPTIC S Ophthalmic Suspension 0.25% has been shown to be 
effective in lowering intraocular pressure and may be used in patients with chronic open-angie 
glaucoma:and ocular hypertension. It may be used alone or in combination with other intraocular 
“pressure lowering medications. 
CONTRAINDICATIONS: Hypersensitivity to any component of this product. BETOPTIC S Ophthalmic 
Suspension 0.25% is contraindicated in patients with sinus bradycardia, greater than a first degree 
atrioventricular block, cardiogenic shock, or patients with overt cardiac failure. 
WARNING: Topically applied beta-adrenergic blocking agents may be absorbed systemically. The 
-Same adverse reactions found with systemic administration of beta-adrenergic blocking agents may 
occur. with topical administration. For example, severe respiratory reactions and cardiac reactions, 
including death due to bronchospasm in patients with asthma, and rarely death in association with 
< cardiac failure, have been reported with topical application of beta-adrenergic blocking agents. 
BETOPTIC. S Ophthalmic Suspension 0.25% has been shown to have a minor effect on heart rate and 
blood pressure in clinical studies. Caution should be used in treating patients with a history of cardiac 
failure or heart block. Treatment with BETOPTIC S Ophthalmic Suspension 0.25% should be 
discontinued at the first signs of cardiac failure. 
PRECAUTIONS: General: Diabetes Mellitus. Beta-adrenergic blocking agents should be administered 
with caution in patients subject to spontaneous hypoglycemia or to diabetic patients (especially those 
with labile diabetes) who are receiving insulin or oral hypoglycemic agents. Beta-adrenergic receptor 
blocking agents may mask the signs and symptoms of acute hypoglycemia. Thyrotoxicosis. Beta- 
< adrenergic blocking agents may mask certain clinical signs (e.g.. tachycardia) of hyperthyroidism. 
Patients suspected of developing thyrotoxicosis should be managed carefully to avoid abrupt 
withdrawal of beta-adrenergic blocking agents, which might precipitate a thyroid storm. 
Muscle Weakness. Beta-adrenergic blockade has been reported te potentiate muscle weakness 
consistent with certain myasthenic symptoms (e.g., diplepia, ptosis and generalized weakness). 
Major Surgery. Consideration shouid be given to the gradual withdrawal of beta-adrenergic blocking 
“agents: prior to general anesthesia because of the reduced ability of the heart to respond to beta- 
< adrenergically mediated sympathetic reflex stimuli. Pulmonary. Caution should be exercised in the 
Areatment of glaucoma patients with excessive restriction of pulmonary function. There have been 
-feports of asthmatic attacks and pulmonary distress during betaxolol treatment. Although 
_ Techallenges of some such patients with ophthalmic betaxolol has net adversely affected pulmonary 
_ function test results, the possibility of adverse pulmonary effects in patients sensitive to beta blockers 
-Cannot be ruled out. Drug Interactions: Patients who are receiving a beta-adrenergic blocking agent 
orally and BETOPTIC S Ophthalmic Suspension 0.25% should be observed for a potential additive 
effect either on the intraocular pressure or on the known systemic effects of beta blockade. Close 
_ observation of the patient is recommended when a beta blocker is administered to patients receiving 
_ catecholamine-depleting drugs such as reserpine, because of possible additive effects and the 
-production of hypotension and/or bradycardia. Betaxolol is an adrenergic blocking agent: therefore, 
Caution should be exercised in patients using concomitant adrenergic psychotropic drugs. Qeular: In 
“patients. with angle-closure glaucoma, the immediate treatment objective is to reopen the angle by 
constriction of the pupil with a miotic agent. Betaxoloi has little or no effect on the pupil. When 
_ BETOPTIC 5 Ophthalmic Suspension 0.25% is used to reduce elevated intraocular pressure in angle- 
losure glaucoma, it should be used with a miotic and not alone. Carcinogenesis, Mutagenesis, 
impairment of Fertility: Lifetime studies with betaxolol HC! have been completed in mice at oral 
“doses of 6, 20 or 60 mg/kg/day and in rats at 3, 12 or 48 mg/kg/day; betaxolol HCI demonstrated no 
-carcinogenic effect. Higher dose levels were not tested. in a variety of in vitro and in vivo bacterial and 
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the manuscript represents valid work. I have reviewed the 
final version of the manuscript and approve it for publication. 
Neither this manuscript nor one with substantially similar 
content under my authorship has been published or is being 
considered for publication elsewhere, except as described in 
an attachment. Furthermore, I attest that I shall produce data 
upon which the manuscript is based for examination by the 


ce + editors or their assignees, if requested.” 
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x 11-in) paper. Margins of at least 2.5 em (1 in) must be provided. 
Ifa word processor is used, do not justify the right margin. 
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a special page. They should not exceed 42 characters per line, 
including punctuation and spaces, and be limited to two lines, if 
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they must reveal whether they have any financial interest or 


receive payment as a consultant, reviewer, or evaluator. In > 


addition, authors must disclose any financial interest owned by a. 
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authors: 


“AH affiliations with or involvement in any organization or 
entity with a direct financial interest in the subject matter or 
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A New Lubricant (Carboxymethyiceliulose) 
for Contact Lens Examination 


oS To the Editor —Examination of the retina and the anterior 
angle with a contact lens provides a clear view of ocular 


structures. The examination requires use of a transparent 


=: medium to form a bond between the lens and cornea. Cur- 


rently, normal saline, 2.0% to 2.5% hydroxypropyl methyl- 
cellulose (Methocel, Gonak, or Goniosol), and a hydroxy- 
ethyl cellulose lubricant (K-Y jelly) are used.' 

There are disadvantages, however, to the use of these 
materials. First, the more viscous preparations are not 
easily washed away and leave a residue on the cornea, 
causing a minor change in visual acuity and degrading sub- 
sequent observations. Second, the residue causes photogra- 
phy and angiography to be of suboptimal quality, necessi- 
tating return visits for the patient. This is bothersome for 
both the patient and physician, and in rare instances pro- 
gression of the ocular condition may occur during this in- 
terval. Third, some of these media contain preservatives, 
such as benzalkonium chloride, which can irritate the cor- 
neal epithelium. Saline leaves no residue; however, its low 


a “viscosity does not provide a buffering against the lens edge 


= or formation of a strong bond between the cornea and the 
“contact lens. 






: Recently, 1% carboxymethylcellulose sodium (Celluvise, 
Allergan Pharmaceuticals, Irvine, Calif) was introduced 
onto the market as an ophthalmic lubricant. This agent also 
serves as an excellent alternative to conventional gonio- 
scopic and funduscopic fluids as it has a viscosity and 
adherence significantly greater than saline. It also provides 
superb optical clarity without degrading subsequent exam- 
inations or photographs. In addition, it is preservative free 
and provides lactose and nutritional electrolytes that min- 


 imize corneal irritation and perturbation. However, one 


potential disadvantage of this lubricant is that it might not 
provide as substantial protection mechanically of the cor- 
neal epithelium compared with standard 2.0% to 2.5% me- 
thylcellulose preparations, due to its lower formula con- 


centration (1%). This may be especially important in 


patients with already compromised corneal epithelium, 


: - -such as patients with diabetes or epithelial and anterior 
“basement membrane dystrophies. 


Carboxymethylcellulose is inexpensive, convenient, and 


-safe and has all the desirable qualities of other solutions 





used in contact lens examinations without many of their 

untoward side effects. Its use is recommended as an alter- 

native to hydroxypropyl methylcellulose as a lubricant for 

diagnostic and therapeutic contact lens examinations. 
DARRYL G. MOFFETT, Jr, MD 
Chicago, Ill 


Dr Moffett has no commercial, proprietary, or financial interest in any of 


oe the: products or companies described in this article. 
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Reprint requests to the Department of Ophthalmology, Eye and Ear In- 
firmary, University of Illinois at Chicago, 1855 W Taylor St, Chicago, IL 60612 
(Dr Moffett). 


1. Mehta H. A new use of K-Y jelly as a gonioscopy fluid. Br J Ophthalmol. 
1984;68:765-767. 

2. Bechman W, Wilson G. Essential ions for maintenance of the corneal 
epithelial surface. Invest Ophthalmol Vis Sci. 1985;26:1484-1488. 


3. Laflamme M, Swieca R. A comparative study of two preservative-free 209 


tear substitutes in the management of severe dry eye. Can J Ophthalmol. 
1988;23:174-176, 


Hazards of Unit Dose 
Artificial Tears 


To the Editor.—Loeffler and Hornblass' call attention to the 
hazards of unit dose artificial tear preparations. In their 
letter they state that “we describe a complication of the 
package not yet reported, to our knowledge.” I wish to call 
the authors’ attention to the fact that this complication has 
been reported previously.’ Nonetheless, their correspon- . 
dence rightly emphasizes the potential complication that 
can arise from this particular unit dose pack. 

J. DANIEL NELSON, MD 

St Paul, Minn 


1. Loeffler M, Hornblass A. Hazards of unit dose artificial tear prepara- 
tions. Arch Ophthalmol. 1990;108:639-640. 

2. Nelson JD. Corneal abrasion from a unit dose artificial tear container. 
Am J Ophthalmol. 1987;103:333-334. 


In Reply.—We appreciate Dr Nelson’s having brought to 
our attention the previous publication of an article report- 
ing a complication of unit dose artificial tear containers. 
There are some differences between the two reports that 
bear mentioning. We correctly state that our report? is the 
first to describe a traumatic conjunctivitis caused by the use 
of the unit dose container since 1987, when Dr Nelson 
reported a corneal abrasion secondary to the use of a unit 
dose container. We also were able consistently to reproduce 
the barb noted in the clinical photograph, despite trying to 
open the container according to the manufacturer’s recom- 
mendations. 

Since publication of our report, we have been contacted by 
the manufacturer of the container, who assures us that the 
product is being revised to eliminate any rough edges on the 
dispensing end of the unit dose container. Several of our 
colleagues also have noted similar complications in their 
patients, suggesting that the complications we and Dr Nel- 
son have reported are occurring with some frequency. 

We did not find Dr Nelson’s report during our initial re- 
view of the literature. This may have been owing to our re- 
searchers’ focus on such key words as conjunctivitis or 
equipment safety, rather than ophthalmic solutions or 
drug-packaging during their search. We are grateful to Dr 
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Nelson for pointing out this oversight on our part. We hope 
that the manufacturer will make the necessary modifica- 
tion to these unit dose containers, which have been a poten- 
tial source of ocular surface irritation for at least 3 years. 


MICHAEL LOEFFLER, MD 
ALBERT HORNBLASS, MD 
New York, NY 


1. Nelson, JD. Corneal abrasion from a unit dose artificial tear container. 
Am J Ophthalmol. 1987;103:333-334. 

2. Loeffler M, Hornblass A. Hazards of unit dose artificial tear prepara- 
tions. Arch Ophthalmol. 1990;108:639-640. 


Anterior Segment Ischemia Following 
Vertical Muscle Transposition and 
Botulinum Toxin Injection 


To the Editor.—We read with interest the case report by 
Keech et al' in the February 1990 issue of the ARCHIVES. 

This interesting report raises a number of matters that 
we would like to address. First, many authors, including 
Hayreh and Scott, Virdi and Hayreh,’ and us,‘ have pointed 
out that the contribution of the anterior ciliary vessels of 
the vertical recti is variable and may be extensive. Under 
certain circumstances disinsertion of both vertical recti 
may be capable of causing mild anterior segment ischemia, 
ie, postoperative anterior chamber activity, sphincter ab- 
normalities, and iris hypoperfusion on fluorescein angiog- 
raphy. We have seen all these signs in a man in his early 20s 
undergoing transposition combined with botulinum toxin 
injection, so it is not entirely surprising to see a more pro- 
~ found effect in the occasional 74-year-old woman with 
known hypertension. Happily, anything other than the 
worst cases of anterior segment ischemia seems to carry 
quite a reasonable prognosis and we are delighted to see 
that this patient also made a full recovery. 

The second point relates to the timing of the administra- 
tion of the toxin chemo denervation. There seems to be a 
wide variation in the administration of this agent. In a 1988 
series we’ consistently administered the toxin under local 
anesthesia in outpatient clinic conditions 4 to 7 days prior 
to the transposition procedure. We continue to do this be- 
cause it provides a number of advantages. First, the paral- 
ysis is present at the time of transposition so one is not 
having to tighten up vertical rectus muscles against a con- 
tracted medial rectus. Second, the toxin is administered 
into a normal anatomic tissue compartment and therefore 
is more likely to stay within the medial rectus as this is lo- 
calized by high-quality electromyography and is much less 


= < likely to leak out and affect other adjacent extraocular 


museles. Finally, it makes the subsequent procedure a two- 
musele procedure and significantly more comfortable in the 
- postoperative period for the patient. 

As Keech et al state in their final paragraph it is not clear 
whether the anterior segment ischemia in their patient 
would have occurred from disinsertion of the vertical recti 
alone, although one is inclined to think that the evidence 
suggests it probably would have done so. We find it rather 
hard to understand how the injection of 0.1 mL of essen- 
tially isotonic preservative-free saline would have any 
effect on the circulation in a medial rectus muscle. 

We look forward to reading further reports regarding 
this interesting and valuable method of treatment of sixth- 
nerve palsy. 

dJ. P. Les, FRCS, FCOpHTH 
JANE M. OLver, FRCS, FCOPHTH 
London, England 
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1. Keech RV, Morris RJ, Ruben JB, Seott WE. Anterior segment ischemia 
following vertical muscle transposition and botulinum toxin injection. Arch 
Ophthalmol. 1990;108:176. 

2. Hayreh SS, Scott WE. Fluorescein iris angiography, IE: disturbances in 
iris circulation following strabismus operation on the various recti. Arch 
Ophthalmol. 1978;$6:1390-1400. 

3. Virdi PS, Hayreh SS. Anterior segment ischaemia after recession of 
various recti: an experimental study. Ophthalmology. 1987:94:1258-1271. 

4, Olver JM, Lee JP. The effects of strabismus surgery on anterior segment 
circulation. Kye. 1989;3:318-326. 

5. Fitzsimmons R, Lee JP, Elston JS. Treatment of sixth nerve palsy in 
adults with combined botulinum chemo denervation and surgery. Ophthal- 
mology. 1988;95:1585-1542. 


In Reply. —We thank Drs Lee and Olver for their comments 
regarding our case report. They bring up three points. First, 
they note that the botulinum toxin injection was unlikely to 
contribute to anterior segment ischemia. While we ac- 
knowledge their assumption, it remains as yet unproved. As 
stated in our report, it is possible that several factors may 
contribute to ischemia in addition to the transposition pro- 
cedure. 

Their second point relates to the timing of the injection. 
They offer their rational for administering botulinum toxin 
prior to the muscle transposition. We believe that the 
injection can be administered with equal precision either 
before or in combination with the musele transposition. 
Whether the timing of the injection has any effect on the 
long-term ocular alignment or the incidence of anterior 
segment ischemia is unknown. 

The third point is that vertical rectus surgery alone may 
result in anterior segment ischemia. We agree with this 
statement, which, in fact, was the reason for our case report. 
The possibility of anterior segment ischemia with a verti- 
cal transposition procedure was ignored in both previous 
articles dealing with botulinum toxin infection of the me- 
dial rectus muscle and transposition of the vertical recti. 
Rosenbaum et al' state that it “theoretically should elimi- 
nate or greatly reduce the chance of anterior segment 
ischemia.” Fitzsimmons et al recommend this procedure 
“as a safe and effective initial therapy for all adult pa- 


tients...” and furthermore state that it can be “... per- 
formed in adults without risk to the anterior segment blood 
supply.” 


While we cannot delineate all the causative factors 
involved, we hope our case will make the reader aware that 
this procedure does pose the risk of anterior segment 
ischemia. 

RONALD V. KEECH, MD 
ROBERT J. Morris, MD 
JAMES B. RUBEN, MD 
WILLIAM E. Scott, MD 
Iowa City, Iowa 


1. Rosenbaum AL, Kushner BJ, Kirschen D. Vertical rectus muscle trans- 


position and botulinum toxin (Oculinum) to medial rectus for abducens palsy. 
Arch Ophthalmol, 1989;107:821-823. 


Retinitis Pigmentosa Misdiagnosed as 
Complicated Migraine 


To the Editor.—I would like to suggest a different diagno- 


sis for the case presented by DuBois et al' in the August 1988 


issue of the ARCHIVES. The patient was, in fact, suffering 
from uncomplicated, early retinitis pigmentosa (RP), not 
vascular insufficiency caused by complicated migraine. 
The patient’s electroretinogram was typical for RP but 
inconsistent with vascular insufficiency. The cone responses 
had a mildly delayed implicit time and a mildly reduced B- 
wave amplitude that was about 70% of normal. With a re- 
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sponse amplitude of about 5% to 10% of normal, the rod was 


-severely impaired. There is no possible vascular insult that 
“could destroy simultaneously all the rods in both eyes while 
largely sparing the cones. 


: _. The other findings were also classic for RP. The patient’s 


final dark-adapted threshold was elevated. The visual fields 
were not shown, but they were described as constricted with 
what sounds like partial-ring seotomata, which are typical, 
again, of RP and not vascular insufficiency. The arteries 
‘were narrow, of course, which the authors explained as 

“hypertension.” But the patient was not hypertensive! 
The “sudden” onset of impaired night vision in the 
patient was, certainly, a sudden awareness of impaired 
night vision, which, again, is a common phenomenon in RP. 
CYNTHIA J. MacKay, MD 

New York, NY 


“4. DuBois LG, Sadun AA, Lawton TB. Inner retinal layer loss in compli- 
gated migraine. Arch Ophthalmol. 1988;106:1035-1037. 


dn Reply.—We appreciate Dr MacKay’s interest and sug- 
gestion that our patient had early RP. It is true that RP, 
especially sine pigmento, may be difficult to diagnose. As 
noted in our case report,’ we, too, were initially confounded 
by the abnormal ophthalmologic findings in the absence of 
an observable cause. However, the diagnosis of RP was 
considered and rejected. In response to Dr MacKay, we can 
add that there was never a question of a faulty patient his- 
tory. Now an attorney, the patient was a truck driver at 
presentation and often drove at night. He was an excellent 
recorder of his visual changes; he complained that “swirl- 
ing designs” and poor contrast developed during a period of 
about 1 month. There was no family history of nyctalopia 
or degenerative retinal diseases. We agree that the electro- 
physiologic changes were highly suggestive of peripheral 
retinal impairment from congenital nyctalopia, yet there 
were no observable retinal changes. The vascular attenua- 
- tion was attributable to the patient’s hypertension; pig- 
mentary changes were not noted in the retina, nor was pig- 
ment dusting found in the vitreous. The visual field in the 
right eye demonstrated a partial superior arcuate scotoma; 
the field in the left eye showed a pericentral, donut-shaped 
` scotoma 5° to 20° from fixation. Moreover, the deficits in 
contrast sensitivity functions were characteristic of inner 
retinal or optic nerve dysfunction. The contrast sensitivity 
functions and electroretinograms of the eyes improved af- 
ter initiating prophylactic therapy for migraine. 
Interestingly, shortly after our article was published, 
Berson and Lessell? reported a case with an almost identi- 


: <- eal clinical picture in a patient with cutaneous malignant 


_ melanoma and suggested a paraneoplastic cause for the oc- 
ular findings. Two years after our patient’s initial presen- 
tation, he informed us that he had just had an axillary cu- 


taneous and lymph node malignant melanoma excised. This 


is an attractive explanation for the loss of rod function in 
our patient. However, improved ophthalmologic findings 
and cessation of migraines preceded the excision of the ma- 
lignant melanoma. Thus, we remain perplexed. However, 
the lack of family history, tempo of onset, partial resolution 
of symptoms, examination, laboratory studies, and follow- 
up are all inconsistent with RP. 

LinpretH G. DuBois, MED 

ALFREDO A. SADUN, MD PHD 

Los Angeles, Calif 


1. DuBois LG, Sadun AA, Lawton TB. Inner retinal layer loss in compli- 


tated migraine. Arch Ophthalmol. 1988;106:1035-1037. 
< © 2. Berson EL, Lessell S. Paraneoplastic night blindness with malignant 


melanoma. Am J Ophthalmol. 1988;106:307-311. 
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Suture Removal After Blepharoplasty 


To the Editor.—In the April 1990 issue of the ARCHIVES, 
Glatt et al’ reported on discomfort during suture removal 
after blepharoplasty. They described the removal of a run- 
ning of 6-0 silk suture 4 days after blepharoplasty. I found 
it interesting that their patients were experiencing so much 
discomfort that they felt compelled to try to minimize this 
with proparacaine hydrochloride. When I perform ble- 
pharoplasty surgery, I use a 6-0 polypropylene (Prolene) 
suture and knot it on itself and either end so that at the time 
of removal one need only cut in the middle of the running 
suture and then pull on the two loops that are formed on ei- 
ther end. This avoids the need to find the knot that would 
be buried in the skin if it had not been looped on itself. 
Most patients tell me they are amazed that they do not 
feel any pain or discomfort when the sutures are removed 
in this manner. Prolene is a much smoother suture than 
silk; perhaps that is why there is little or no discomfort with 
this removal. 
JANET M. NEIGEL, MD 
West Orange, NJ 


1. Glatt HJ, Putterman AM, Farber MD. Topical proparacaine and suture 
removal after blepharoplasty. Arch Ophthalmol. 1990;108:476. 


In Reply.—We prefer silk to polypropylene (Prolene) for 
cutaneous wound closure because of its superior handling 
properties. Discomfort during removal of silk sutures has 
generally been a problem only after blepharoplasty and not 
after a vast array of other oculoplastic procedures. We can 
think of two reasons for this difference between our patients 
who have undergone blepharoplasty and the rest of our pa- 
tients. First, it is our impression that many patients who 
have undergone blepharoplasty have very low pain thresh- 
olds compared with other patients. Second, one of us 
(A.M.P.) removes sutures 4 days after blepharoplasty, com- 
pared with 5 to 7 days after most other procedures. Patients 
may be a little more tender at this earlier time. 

HERBERT J. GLATT, MD 

Knoxville, Tenn 

ALLEN M. PurrermMan, MD 

MARILYN D. FARBER, MD 

Chicago, Il] 


Endophthaimitis Therapy: Changing Antibiotic 
Sensitivity Patterns and Current Therapeutic 
Recommendations 


To the Editor.—Martin and associates! reported vitreous “ae 


cefazolin levels in a rabbit model of experimental endoph- 
thalmitis. These authors used heat-killed Staphylococcus 
epidermidis organisms to induce intraocular inflammation 
and then measured the penetration of systemically admin- 
istered cefazolin. Meredith and associates’ reported further 
rabbit model studies of S epidermidis endophthalmitis and 
observed no significant difference in inflammatory scores 
between the placebo-treated group and the group treated 
with 2.25 mg of intravitreal cefazolin. However, there were 
more eyes with clear media at the end of week 3 in the group 
treated with vitrectomy, 2.25 mg of intravitreal cefazolin, 
and either systemic or intravitreal corticosteroids. 
Although cefazolin does penetrate the eye from systemic 
administration and also may be used intravitreally, it is 
important to recognize that frequent resistance will occur 
among organisms commonly encountered in clinical en- 
dophthalmitis. Davis and associates’ reported a series of 
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cases of coagulase-negative staphylococci with a 19% inci- 
dence of resistance to methicillin and the cephalosporins. 
Similarly, Kernodle and associates‘ reported resistant 
Staphylococcus aureus organisms from deep wound infec- 
tions in spite of cefazolin prophylaxis.‘ Kernodle and asso- 
ciates presented evidence that some S aureus wound infec- 
tions occur because of deficiencies in antimicrobial effec- 
tiveness that are not detectable by routine susceptibility 
tests. 

Cefazolin has been frequently used by our group in the 
past but we now feel that cefazolin is not the drug of choice 
for either intraocular or systemic administration in the 
treatment of clinical endophthalmitis. Consistent coverage 
of common organisms in clinical endophthalmitis cannot be 
expected even with repeated doses of intravenous or intra- 
vitreal cefazolin. We currently recommend the combination 
of vancomycin hydrochloride (1.0 mg in 0.1-mL solution) 
with an aminoglycoside (0.1 mg of gentamicin in 0.1-mL so- 
lution or 0.4 mg of amikacin in 0.1-mL solution) for intra- 
vitreal administration when vitreous and anterior chamber 
samples are collected.’ We also commonly use 0.4 mg of in- 
travitreal dexamethasone sodium phosphate together with 
intravitreal antibiotics. Similar to the animal model of 
Meredith and associates, we have observed clearer media in 
patients treated with pars plana vitrectomy, intraocular 
antibiotics, and intraocular steroids. 

Systemic antibiotics are usually prescribed for severe 
cases of endophthalmitis. Both the intraocular penetration 
and the spectrum of coverage influence the initial selection 
of these antibiotics. As an adjunct to intravitreal antibiotic 
therapy, a number of systemic antibiotics are considered. 
The combination of one of the third-generation cephalo- 
sporins, such as ceftriaxone (1 g intravenously every 12 
hours) with an aminoglycoside (1 g of gentamicin intrave- 
nously every 8 hours) is a commonly used systemic regimen 
in clinical endophthalmitis management.’ Ceftriaxone pro- 
vides broad coverage for many gram-positive and gram- 
negative organisms, including Pseudomonas. Ceftriaxone 
has good intraocular penetration but, like other cephalo- 
sporin antibiotics and like gentamicin, does not consistently 
treat methicillin-resistant staphylococci or seme strep- 
tococci.’ Ciprofloxacin (750 mg orally every 8 hours) has 
good penetration into the eye and provides a broad spec- 
trum of coverage for most gram-positive and gram-negative 
organisms except for some Pseudomonas and streptococcal 
strains. When used systemically for an extended period, 
vancomycin has a risk of nephrotoxicity and ototoxicity. If 
adequate vitreous levels in humans can be demonstrated, 
vancomycin should be considered for short-term systemic 
treatment because of its excellent gram-positive coverage? 

Animal research studies on intraocular antibiotic pene- 
tration will help to determine the most appropriate sys- 
temic treatment for this frequently devastating ocular in- 
fection. Continued research using antibiotics with the best 
antimicrobial spectrum will contribute to better clinical 
care of patients with this disease. 

HARRY W. FLYNN, JR, MD 
Jose S. PULIDO, MD 

STEPHEN C. PFLUGFELDER, MD 
JANET L. Davis, MD 

WILLIAM W. CULBERTSON, MD 
THOMAS J. ROUSSEL, MD 
DARLENE MILLER, MA 

Miami, Fla 

1. Martin DF, Ficker LA, Aguilar HA, Gardner SK, Wilson LA, Meredith 
TA. Vitreous cefazolin levels after intravenous injection: effects of inflam- 
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mation, repeated antibiotic doses, and surgery. Arch Ophthalmol. 1990; 
108:411-414. 

2. Meredith TA, Aquilar HE, Miller MJ, Gardner SK, Trabelsi A, Wilson 
LA. Comparative treatment of experimental Staphyleoccus epidermidis en- 
dophthalmitis. Arch Ophthalmol. 1990:108:857-860. 

3. Davis JL, Koidou-Tsiligianni A, Pflugfeder SC, Miller D, Flynn HW, 
Forster RK. Coagulase-negative staphylococcal endophthalmitis: inerease in 
antimicrobial resistance. Ophthalmology. 1988;95:1404-1410. 

4. Kernodle DS, Clasen DC, Burke JP, Kaiser AB. Failure of cephalospor- 
ins to prevent Staphylococcus aureus surgical wound infections. JAMA. 
1990;263:961-966. 

5. Flynn HW, Pflugfelder SC, Culbertson WW, Davis JL. Recognition, 
treatment, and prevention of endophthalmitis. Semin Ophthalmol. 1989;4: 
69-83. 


In Reply.—We appreciate the comments on our work by Dr 
Flynn and colleagues and agree that the current trend is 
toward the use of vancomycin and aminoglycoside for 
intravitreal injection rather than cefazolin and an amino- 
glycoside. This change in choice of drugs occurred because 
vancomycin has superior activity against streptococci and 
methicillin-resistant staphylococci. 

We used cefazolin in our studies as a model to investigate 
pharmacokinetic changes of a first-generation cephalo- 
sporin after inflammation and surgery. We have demon- 
strated that inflammation increases the half-life of the drug 
after intravitreal injection, while vitrectomy decreases it.! 
Enhanced drug penetration over time into inflamed eyes 
after multiple intravenous doses had not been previously 
defined, and our findings point to the possible importance of 
this phenomenon for other drugs available for treatment of 
endophthalmitis.’ Taking these studies together, we now 
know that we can achieve therapeutic levels of cefazolin in 
the vitreous cavity for 24 to 48 hours after intravitreal in- 
jection, while therapeutic levels can be achieved in the 
postvitrectomy eye after 48 hours by repeated intravenous 
doses. Cefazolin and drugs with similar pharmacokinetic 
characteristics may retain a useful place in systemic regi- 
mens, particularly in combination therapy. 

The choice of antibiotics for treatment of endophthalmi- 
tis should involve a consideration of the spectrum of activ- 
ity, the availability within the vitreous cavity (including 
alterations of intraocular pharmacokineties by surgery and 
inflammation), dose-response characteristics, safety, and 
cost. Protocols for systemic therapy are in evolution and 
need further refinement. 

With increased understanding of the intraocular levels of 
antibiotics that are achievable after systemic administra- 
tion, along with their intraocular behavior and pharma- 
cokinetic distribution after either intravenous or intravit- 
real injection, newer treatment regimens can be better 
assessed. We have few data, for example, on the pharma- 
cokinectiec behavior of drugs excreted from the eye by the 
anterior route (such as aminoglycosides) after surgery in 
the inflamed eye. We hope our studies will stimulate further 
work on the pharmacokinetic behavior of antimicrobial 
agents in the vitreous cavity of inflamed postoperative eyes. 

Travis A. MEREDITH, MD 
Baltimore, Md 


DANIEL Martin, MD 

SUZANNE K. GARDNER, PHARMD 
Louis A. Witson, MD 

HILDA EDITH AGUILAR, MD 
Atlanta, Ga 


1. Fieker LA, Meredith TA, Gardner S, Wilson LA. Cefazolin levels after 
intravitreal injection. Invest Ophthalmol Vis Sci. 1990;31:502-505. 

2. Martin DA, Ficker LA, Aguilar HE, Gardner SK, Wilson LA, Meredith 
TA. Vitreous cefazolin levels after intravenous injection. Arch Ophthalmol. 
1990;108:411-414. 
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Case Reports 








Chronic Alternaria alternata 
Endophthalmitis Following 
intraocular Lens Implantation 





Alternaria alternata is a widespread, 
airborne hyphomycete living as a phy- 
toparasite on leaves or vegetable 
fruits. This imperfect fungus possesses 
typical conidiospores. Its asthmogenic 
potential plays an important role as a 
releasing factor for bronchial asthma, 
but it is of little importance, causing 
ophthalmic diseases such as blephari- 
tis, conjunctivitis, or keratomycosis.' 
To our knowledge, fungal endoph- 
` thalmitis caused by A alternata has 
not been previously described. 


Report of a Case.—A 69-year old diabetic 
woman underwent extracapsular cataract 
extraction in another institution with pos- 
terior chamber intraocular lens implanta- 
tion in the left eye in August 1987. After 
surgery, visual acuity was 40/50 OS and 
20/20 OD 3 years after extracapsular cata- 
ract extraction and intraocular lens im- 
plantation. Intraocular pressure was 16 
mm Hg in both eyes. Two months later, 
slit-lamp examination disclosed 3+ cells, 
flare, fibrinous exudate, and a 1.5-mm hy- 
popyon in the anterior chamber of the left 
eye. The patient had no pain. With topical 
steroid and antibiotic therapy, the hy- 
popyon totally resolved. Visual acuity dete- 
riorated to 20/50 OS. During the next 11 
months, the patient developed recurrent 
and more severe endophthalmitis. Conjunc- 
tival smears and aqueous humor samples 
failed to detect either bacteria or fungi. Due 
to the tentative diagnosis of a “toxic lens 
syndrome,” the intraocular lens implant 
was removed in August 1988. Following re- 
moval of the intraocular lens, the inflam- 
mation persisted and actually worsened 
despite treatment with topical steroids. On 
presentation at our hospital in September 
1988, the patient had a reactive ptosis with 
swelling of the left eyelids, 3+ cells, flare, a 
0.5-mm hypopyon in the anterior chamber, 
and vitreous cells and infiltrates (Fig 1). 
Visual acuity deteriorated to 10/50 OS and 
intraocular pressure was 21 mm Hg. 

The diagnosis of chronic endophthalmitis 
over 1 year after intraocular lens implan- 
tation was made and a diagnostic and ther- 
apeutic pars plana vitrectomy with excision 
of the posterior lens capsule was per- 








Fig 1.—Left eye of a 69-year old woman with 
a 0.5-mm_ hypopyon, fibrin in the anterior 
chamber, and fibrosis of the posterior lens 
capsule 1 month after removal of the intraoc- 
ular lens implant. 


formed. Silicone oil had to be injected dur- 
ing surgery due to a mycotic traction reti- 
nal detachment. Histologic examination of 
the posterior lens capsule showed a dense 
infiltration with hyphomycetes (Fig 2). 
Aerobic and anaerobic cultures of vitreous 
samples for bacteria and cultures for fungi 
on Sabouraud’s agar disclosed A alternata, 
which was causing chronic fungal endoph- 
thalmitis. With systemic antimycotic ther- 
apy that included up to 60 mg of ampho- 
tericin B daily and 250 mg of flucytosine 
four times daily for 3 weeks, combined with 
eycloplegic eyedrops three times daily, the 
inflammation totally resolved. At the last 
examination in August 1989, there were no 
signs of inflammation, and visual acuity 
had deteriorated to 1/10 OS due to cystoid 
macular edema. The intraocular pressure 
was 16 mm Hg and the retina remained flat. 


Comment.—Clinical and experimen- 
tal observations have previously failed 
to show evidence of intraocular infec- 
tions with A alternata.? The sapro- 
phytic fungus is often cultured as 
asymptomatic contamination of the 
healthy conjunctiva. It was presum- 
ably sequestered between the intraoc- 
ular lens implant and the lens capsule 
at surgery, causing a localized chronic 
endophthalmitis similar to that de- 
seribed for other organisms, such as 
Propionibacterium? We recommend 
diagnostic and therapeutic pars plana 
vitrectomy with laboratory diagnosis 
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Fig 2.—Histologic section of the posterior lens 
capsule with dense infiltration of hypho- 


mycetes (Alternaria alternata) (Grocott- 
Gomori methenamine-silver nitrate, original 
magnification X63; inset, original magnifica- 
tion X480). 


of vitreous samples in every case of re- 
current intraocular inflammation as 
soon as possible after intraocular sur- 
gery. 

VOLKER RUMMELT, MD 

Kraus W. RUPRECHT, MD 

Horst J. BOLTZE, MD 

GOTTFRIED O. H. NAUMANN, MD 

Erlangen, Federal Republie 

of Germany 


Reprint requests to the Department of Oph- 
thalmology, University of Erlangen-Nürnberg, 
Schwabachanlage 6, D-8520 Erlangen, Federal 
Republie of Germany (Dr Rummelt). 
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3. Meisler DM, Mandelbaum S. Propionibacte- 
rium-associated endophthalmitis after extracap- 
sular cataract extraction: review of reported 
cases. Ophthalmology. 1989;96:54-61. 


Eyelid Lymphedema 


Lymphedema is aform of tissue edema 
resulting from the accumulation of 
lymph fluid and can occur anywhere. 
Eyelid involvement is often seen after 
various surgical procedures, but is 
short-lived and resolves as the lid 
heals. Chronic eyelid lymphedema is 
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Fig 1.—-Preoperative photograph of patient with profound upper and lower lid edema and complete 


ptosis. 





Fig 2.—Same patient 1 year after eyelid surgery. 


unusual. It is etiologically related to a 
loss of lymphatic vessels either on a 
congenital basis (aplasia or hypopla- 
sia) or on an acquired basis (damage to 
lymphatic vessels from surgery, radi- 
ation, trauma, etc). Chronic lymphe- 
dema can be difficult if not impossible 
to eradicate. Surgical removal of in- 
volved subcutaneous tissues is benefi- 
cial in some instances. 

Therein report a case of chronic eye- 
lid lymphedema that responded well to 
the removal of orbicularis muscle (my- 
ectomy) in the involved eyelids. 


Report of a Case.—A 28-year-old man 
was seen in consultation for eyelid swelling. 
Three years prior to consultation, a malig- 
nant parotid gland tumor was removed fol- 
lowed by irradiation therapy on the right 
side. A radical neck dissection was carried 
out for recurrence the following year, with 
additional irradiation to the area. The right 
upper and lower lids, began to swell 3 
months following the last dose of radiation 
treatment. The amount of edematous tissue 
stayed fairly constant, while the lid gradu- 
ally dropped over a 2-year period. There 
was no other pertinent history. 

Examination revealed complete ptosis 
with pitting edema involving the right up- 
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per and lower lids (Fig 1). Levator function 
was difficult to assess because of the pro- 
found edema. A partial eyelid crease was 
present but was higher than normal. The 
remaining ocular examination yielded nor- 
mal results with no conjunctival edema. 
In an attempt to decrease the edema, it 
was elected to remove the orbicularis (pre- 
tarsal and preseptal components) muscle 
that was believed to be one of the sites of 
fluid accumulation. It was hoped that the 
skin would sear down to underlying tissue 
and prevent some of the reaccumulation of 
fluid. At the same time, the levator was ad- 
vanced and some skin was removed. A sim- 
ilar procedure with removal of pretarsal 
and preseptal muscle and some skin was 
carried out in the lower lid 4 months later. 
The patient did well following surgery, with 
an acceptable result (Fig 2). 
Comment.—The lymphaties in the 
eyelid form deep and superficial sys- 
tems that drain to the parotid and 
submaxillary nodes.' The deep vessels 
drain the tarsal and conjunctival re- 
gions, while the superficial system 
drains the skin of the lids and 
orbicularis.' When these channels be- 
come blocked, accumulation of tissue 
protein and fluid results in edema 


(lymphedema). 

Primary and secondary forms of 
lymphedema may occur. Primary 
lymphedema is a chronic form of 
edema of the extremities resulting 
from obstruction of lymphatic chan- 
nels secondary to aplasia, hypoplasia, 
or hyperplasia.’ Although ocular signs 
are not common, chemosis may be 
present.* Secondary lymphedema 
may be caused by inflammation, neo- 
plasm, trauma, surgery, or radiation. 
Ocular involvement has been de- 
scribed to occur only when the con- 
junctival lymphatics are involved, 
leading to chemosis.’ 

In the present case, there was pro- 
found involvement of the lid tissue 
with normal conjunctiva, suggesting 
that only the superficial lymphatic 
plexus was obstructed. This is surpris- 
ing since both superficial and deep 
lymphatic plexuses presumably drain 
to the parotid and submaxillary nodes, 
both of which should have been in- 
volved by the irradiation and surgery. 

The removal of pretarsal and pre- 
septal orbicularis muscle and skin, in 
addition to advancing the levator, pro- 
vided a surgical option for the treat- 
ment of this difficult problem. 

Davin R. Jorpan, MD, FRCSC 
Ottawa, Ontario 
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4. Tabbara KF, Baghdassarian SA. Chronic 
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Spontaneous Retinal Capillary 
Reperfusion in a Systemic 
illness 





Retinal capillary nonperfusion is a 
manifestation of a variety of ocular 
vascular occlusive diseases, either lo- 
calized to the eye or related to a sys- 
temic disease. Regardless of the cause, 
significant reperfusion of the occluded 
capillary circulation is rare’? We 
present a man with a systemic illness 
of unknown origin who presented with 
poor visual acuity in association with 
massive capillary nonperfusion in 
each eye that spontaneously resolved. 

Report of a Case.—A 23-year-old black 
Haitian man presented to the New York 
(NY) University ophthalmology service 
with a 2-month history of decreasing visual 
acuity in both eyes. He had a 5-month his- 
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Left, The fluorescein angiogram of the right eye initially showed capillary nonperfusion in the macula and nasal to the optic 
disc. Many of the surrounding capillaries are dilated, tortuous, and blunted, and a few microaneurysms are present. Right, 
Eighteen months later significant reperfusion of the capillary bed is evident. A widened and irregular foveal avascular zone 
surrounded by a few irregular vessels represented by arteriovenous collaterals are the only evidence of the previous vascular 
insult. 


tory of night sweats, fever at night to 39°C, 
weight loss (6.75 kg), fatigue, malaise, in- 
somnia, myalgias, arthralgias, and inguinal 
node swelling. He had previously been in 
excellent health with normal visual acuity. 
He was an accounting student who denied 
intravenous drug use, homosexuality, or 
contact with prostitutes. 

On admission to the hospital, the physi- 
cal examination results were normal except 
for a fever of 39°C; three mobile, soft, non- 
tender, inguinal nodes; and hepatospleno- 
megaly. His visual acuity was 1/200 OD and 
20/100 OS. The ocular disease was confined 
to the posterior pole of the retina, which 
showed bilateral peripapillary cotton wool 
spots. A fluorescein angiogram showed 
multiple areas of capillary nonperfusion in 
both eyes involving the posterior pole and 
peripheral to the vascular arcades (Figure, 
left). Leakage of dye was noted from the 
remaining surrounding retinal capillaries. 

An extensive work-up did not provide a 
diagnosis. Results of the following tests 
were normal: a complete blood cell count, 
sequential multiple analyzer 12, VDRL, pu- 
rified protein derivative of tuberculin, hu- 
man immunodeficiency virus (performed 
twice), Western blot for human immunode- 
ficiency virus, mononucleosis spot, hepatitis 
A and B antigens, ova and parasites, anti- 
nuclear antibody, gallium scan, chest and 
abdominal computed tomographic scan 
(normal results except for hepatosplenom- 
egaly), and bone marrow aspirate and liver 
biopsy. The acid-fast bacilli smear results 
and culture were negative in the sputum, 
blood, bone marrow, liver, and lymph nodes 
(a lymph node biopsy showed reactive lym- 
phocytosis). Nine months after hospitaliza- 
tion, a single sputum culture yielded one 


eolony of Mycobacterium tuberculosis, and 
a purified protein derivative skin test 
showed 12 mm of induration at 1 week. A 1- 
year therapeutic regimen of rifampin and 
ethambutol was begun. 

Within the first week the patient became 
afebrile, with resolution of his systemic 
symptoms, and he was discharged. Visual 
acuity improved shortly after discharge; at 
3 months it was 20/70 OU and was associ- 
ated with partial resolution of the cotton 
wool spots and focal areas of retinal capil- 
lary reperfusion. The patient was followed 
up at regular intervals with continuing im- 
provement; 18 months after hospitaliza- 
tion, fluorescein angiography revealed 
nearly complete retinal capillary perfusion 
in both eyes (Figure, right). 


Comment.—At the initial presenta- 
tion, this patient had possible risk fac- 
tors and clinical symptoms suggestive 
of human immunodeficiency virus in- 
fection. However, extensive testing 
failed to provide any cause of his sys- 
temic illness, which quickly improved 
without treatment. The discovery of 
one colony of M tuberculosis in the 
sputum 9 months later may or may not 
bear on the underlying cause of illness. 
However, ocular improvement, includ- 
ing reperfusion, occurred for 9 months 
before antituberculous therapy was 
initiated. 

The degree of spontaneous resolu- 
tion of the fundus and angiographic 
disease as well as the recovery of cen- 
tral visual function are most unusual 
and difficult to explain. The retinal 
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capillary closure may have been in- 
duced by a systemic or local chemical 
factor, inflammation, or edema. Fol- 
lowing elimination or neutralization of 
the hypothesized causative factor, the 
capillary bed reopened and the retina 
was reperfused. While the initial im- 
provement occurred within a few 
weeks after hospitalization, the entire 
recovery process continued for several 
months. 

Reperfusion of the capillary bed as- 
sociated with return of visual function 
is a decidedly unusual outcome. This 
case demonstrated that the angio- 
graphic picture of retinal capillary 
nonperfusion does not signify perma- 
nent occlusion or preclude restoration 
of blood flow. 

KENNETH G. NOBLE, MD 
MARK J. KUPERSMITH, MD 
New York, NY 


This study was supported in part by grants to 
the Department of Ophthalmology, New York 
University Medical Center; the Retinitis Pigmen- 
tosa Foundation; Research to Prevent Blindness 
Inc, New York, NY; and the R. L. Kohns Founda- 
tion. 
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_ The eye, perhaps more 
than any other part of the 
body, comprises a self-con- 
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BSS PLUS® 


(Balanced Salt Solution Enriched with 
Bicarbonate, Dextrose and Glutathione} 
Sterile Intraocular irrigating Solution 


DESCRIPTION: BSS PLUS? is a sterile intraocular irrigating solu- 
tion for-use during all intraocular surgical procedures, even those 
requiring a relatively long intraocular perfusion time (e.g., pars 
plana vitrectomy, phacoemulsification, extracapsular cataract ex- 
traction/lens aspiration, anterior segment reconstruction, etc). 


The solution does. not contain a preservative and should be pre- 


pared just prior to use in surgery. 


Part |: A sterile 480 mL solution in a 500 mL single-dose bottle to 
which the Part Il concentrate is added. Each mL of Part | contains: 
Sodium Chloride 7.44 mg, Potassium Chloride 0.395 mg, Dibasic 
Sodium Phosphate 0.433 mg, Sodium Bicarbonate 2.19 mg, Hydro- 
chloric Acid and/or Sodium Hydroxide (to adjust pH), in Water for 


Injection. DM-00 


Part Il: A sterile concentrate in a 20 mL single-dose vial for addition 
to Part L Each mL of Part il contains: Calcium Chloride Dihydrate 
3.85 mg, Magnesium Chloride Hexahydrate 5 mg, Dextrose 23 mg, 
Glutathione Disulfide (Oxidized Glutathione) 4.6 mg, in Water for 


Injection. DM-00 


After addition of BSS PLUS Part II to the Part | bottle, each mL of 
reconstituted product contains: Sodium Chloride 7.14 mg, Po- 
tassiurn Chloride 0.38 mg, Calcium Chloride Dihydrate 0.154 mg, 
Magnesium Chloride Hexahydrate 0.2 mg, Dibasic Sodium Phos- 
phate 0.42 mg, Sodium Bicarbonate 2.1 mg, Dextrose 0.92 mg, 
“Glutathione Disulfide (Oxidized Glutathione) 0.184 mg, Hydro- 
“¢hloric Acid and/or Sodium Hydroxide (to adjust pH), in Water for 


Injection. 


The reconstituted product has a pH of approximately 7.4. Osmo- 


lality is approximately 305 mOsm. 


CONTRAINDICATIONS: There are no specific contraindications to 
the use of BSS PLUS, however, contraindications for the surgical 
procedure during which BSS PLUS is to be used should be strictly 


adhered to. 


WARNINGS: For IRRIGATION during ophthalmic surgery only. BSS 
PLUS is NOT for injection or intravenous infusion. 


PRECAUTIONS: DO NOT USE BSS PLUS UNTIL RECON- 
STITUTED. Do not use Part if it does not contain a vacuum. Do not 
use additives other than Part Il. Do not use if Part I, Part il or the 
reconstituted solution is discolored or contains a precipitate. SINCE 
BSS PLUS IS INTENDED FOR INTRAOCULAR IRRIGATION, IT 
DOES NOT CONTAIN A PRESERVATIVE AND, THEREFORE, 
SHOULD NOT BE USED FOR MORE THAN ONE PATIENT. DIS- 
CARD ANY UNUSED SOLUTION SIX HOURS AFTER PREPARA- 
TION. Studies suggest that intraocular irrigating solutions which 
are iso-osmotic with normal aqueous fiuids should be used with 
caution in diabetic patients undergoing vitrectomy since intra- 


operative lens changes have been observed. 


There have been reports of corneal clouding or edema following 
ocular surgery in which BSS PLUS was used as an irrigating solu- 
tion. As in all surgical procedures, appropriate measures should be 
taken to minimize trauma to the cornea and other ocular tissues. 


ADVERSE REACTIONS: Postoperative inflammatory reactions as 
well as incidents of corneal edema and corneal decompensation 
have been reported. Their relationship to the use of BSS PLUS has 


not been established. 


OVERDOSAGE: The solution has no pharmacological action and 
thus has no potential for overdosage. However, as with any intra- 
ocular surgical procedure, the duration of intraocular manipulation 


should be kept to a minimum. 


U.S. Patent Nos. 4,443,432 and 4,580,022 


Alcon 
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Alcon Surgical, inc. 
Fort Worth, Texas 76134 USA 
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Sterile Ophthalmic Solution Ophthalmic Solution 


A New Molecule For A New Decade 


For The Control Of Chronic Open Angle Glaucoma And Ocular Hypertension 


e Priced to encourage patient compliance 
e A nonselective beta blocker’ 


Effectively reduces 
intraocular pressure“ 


e Well tolerated?“ 


BAUSCH 
& LOMB 


Pharmaceutical Division 
Tampa, FL 33637 


fsummary of Prescribing Information on next page. 
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BRIEF SUMMARY 


CONTRAINDICATIONS: Hypersensitivity to any component of this product. 
OPTIPRANGLOL™ Ophthalmic Solution is contraindicated in patients with bronchial asthma or a history of 


bronchial asthma, or severe chronic obstructive pulmonary disease: symptomatic sinus bradycardia: greater 


than a first degree atrioventricular block: cardiogenic shock: or overt cardiac failure, 
_ WARNINGS: As with other topically applied ophthalmic drugs, this drug may be absorbed systemically. Thus, 
the same adverse reactions found with systemic administration of beta-adrenergic blocking agents may occur 
with topical administration. For example, severe respiratory reactions and cardiac reactions, including death due 
_ oto bronchospasm in patients with asthma, and rarely, death in association with cardiac failure, have been 
--/--feported following topical application of beta-adrenergic blocking agents (see CONTRAINDICATIONS). 

<: Since OPTIPRANGLOL™ Ophthalmic Solution had a minor effect on heart rate and blood pressure in clinical 

os studies, caution should be observed in treating patients with a history of cardiac failure. Treatment with 

“OPTIPRANOLOL™ Ophthalmic Solution should be discontinued at the first evidence of cardiac failure. 

OPTIPRANOLOL Ophthalmic Solution, or other beta blockers, should nat, in general, be administered to 

_ Patients with chronic obstructive pulmonary disease (e.9., chronic bronchitis, emphysema) of mild or moderate 

_ Severity (see CONTAAINDICATIONS). However, if the drug is necessary in such patients, then it should be 

“administered with caution since it may block bronchodilation produced by endogenous and exogenous cate- 

cholamine stimulation of betaz receptors. 

© PRECAUTIONS: General: Because of potential effects of beta-adrenergic receptor blocking agents relative to 

blood pressure and puise, these agents should be used with caution in patients with cerebrovascular 

insufficiency. If signs or symptoms suggesting reduced cerebral blood flow develop following initiation of ther- 
“apy with OPTIPRANOLOL™ Ophthalmic Solution, alternative therapy should be considered. 
Some authorities recommend gradual withdrawal of beta-adrenergic receptor biocking agents in patients 

“undergoing elective surgery. If necessary during surgery, the effects of beta-adrenergic receptor blocking agents 

may be reversed by sufficient doses of such agonists as isoproterenol, dopamine, dobutamine or levarterenol. 

While OPTIPRANOLOL™ Ophthalmic Solution has demonstrated a low potential for systemic effect, it should 
be used with caution in patients with diabetes (especially labile diabetes) because of possible masking of signs 
and symptoms of acute hypoglycemia. 

oc: -Beta-adrenergic receptor blocking agents may mask certain signs and symptoms of hyperthyroidism, and 

“> thelr abrupt withdrawal might precipitate a thyroid storm. 

$ Beta-adrenergic blockade has been reported to potentiate muscie weakness consistent with certain myas- 
thenic symptoms {e.g., diplopia, ptosis, and generalized weakness). 

_ Risk of anaphylactic reaction: While taking beta-blockers. patients with a history ef severe anaphylactic reac- 
© tion to a variety of allergens may be more reactive to repeated challenge, either accidental, diagnostic, or thera- 
peutic. Such patients may be unresponsive to the usual doses of epinephrine used to treat allergic reaction. 

= Drug interactions: OPTIPRANOLOL™ Ophthalmic Solution should be used with caution in patients who are 

fecenng a beta-adrenergic blocking agent orally, because of the potential for additive effects on systemic 

fa-blockade. 
Clase observation of the patient is recommended when a beta-blocker is administered to patients receiving 

oo otatecholamine-depleting drugs such as reserpine, because of possible additive effects and the production of 

“oS hypotension and/or bradycardia. 

. Gaution should be used in the coadministration of beta-adrenergic receptor blocking agents, such as metipra- 
nolol, and-oral or intravenous calcium channel antagonists, because of possible precipitation of left ventricular 
failure, and hypotension. In patients with impaired cardiac function. who are receiving calcium channel antago- 
nists, coadministration should be avoided. 

The concomitant use of beta-adrenergic receptor blocking agents with digitalis and calcium channel antago- 
nists may have additive effects, prolonging arterioventricular conduction time. 

Caution should be used in patients using concomitant adrenergic psychotropic drugs. 
Ocular: in patients with angle-closure glaucoma, the immediate treatment objective is to re-open the angle by 
constriction of the pupil with a mitic agent. OPTIPRANOLOL™ Ophthalmic Solution has little or no effect on the 
pupil, therefore, when it is used to reduce intraocular pressure in angle-closure glaucoma, it should be used only 
with concomitant administration of a miotic agent. 
Carcinogenesis, Mutagenesis, impairment of Fertility: Lifetime studies with metipranolol nave been conducted 
in mice at oral doses of 5, 50, and 100 mg/kg/day and in rats at oral doses of up to 70 mg/kg/day. Metipranotoi 
demonstrated no carcinogenic effect. in the mouse study, female animals receiving the low, but not the iner- 
mediate or high dose, had an increased number of pulmonary adenomas. The significance of this observation 
is unknown. in a variety of in vitro and in vivo bacterial and mammalian cell assays, metipranolol was 
Aonmutagenic. 

Reproduction and fertility studies of metipranolol in rats and mice showed no adverse effect on male fertility 
at oral doses of up to 50 mg/kg/day, and female fertility at oral doses of up to 25 mg/kg/day. 
Pregnancy: Pregnancy Category C; No drug related effects were reported for the segment Il teratolegy study 

in fetal rats after administration, during organogenesis, to dams of up to 50 mg/kg/day. OPTIPRANOLOL™ 

Ophthalmic Solution has been shown to increase fetal resorption, fetal death, and delayed development 

x When administered orally to rabbits at 50 mg/kg during organogenesis. 

» There are no adequate and well-controlled studies in pregnant women. OPTIPRANOLOL™ Ophthaimic 
“Solution should be used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 

Nursing Mothers: it is not known whether OPTIPRANOLOL™ Ophthalmic Solution is excreted in human milk. 

<3: Because many drugs are excreted in human milk, caution should be exercised when OPTIPRANOLOL™ 

‘Ophthalmic Solution is administered to nursing women. 


ae Pediatric Use: Safety and effectiveness in children have not been established. 


> ROVERSE REACTIONS: in clinical trials, the use of OPTIPRANOLOL™ Ophthalmic Solution has been associated 
© op with transient local discomfort. 


‘Other ocular adverse reactions, such as conjunctivitis, eyelid dermatitis, blepharitis, blurred vision, tearing, 
browache, abnormal vision, photophobia, and edema have been reported in small numbers of patients, either in 
US. clinical trials or from post-marketing experience in Europe. 

Other systemic adverse reactions, such as allergic reaction, headache, asthenia, hypertension, myocardial 
“oo infarct, atrial fibrillation, angina, palpitation, bradycardia, nausea, rhinitis, dyspnea, epistaxis, bronchitis, 

» Coughitg, dizziness, anxiety, depression, somnolence, nervousness, arthritis, myalgia, and rash have aiso been 
Teported in small numbers of patients. 

OVERDOSAGE: No information is available on overdosage of OPTIPRANOLOL™ Ophthalmic Solution in humans. 
The symptoms which might be expected with an overdose of a systemically administered beta-adrenergic recep- 
“tor blocking agent are bradycardia, hypotension and acute cardiac failure. Revised 3/90 


REFERENCES: 1. Data on file. Bausch & Lomb Pharmaceutical Division. 2. van Dentfer H. Efficacy and tolerance 
of metipranaiol—Results of å multi-center long-term study In: Merte H-J, ed. Metipranolol: Pharmacology of 

~ Beta-blacking Agents and Use of Metipranoiol in Ophthalmology. Vienna: Springer-Verlag. 1983: 121-125. 

:- 8: Dausch D, Brewitt H, Edethoff R. Metipranoiol eye drops—Ciinical suitability in the treatment of chronic open 

c@figle glaucoma. In: Merte H-J, ed. Metipranoiol- Pharmacology of Beta-blocking Agents and Use of Metipra no- 
lol in Ophthalmology, Vienna: Springer-Verlag: 1983:132-147 4. OptiPranoio!™ Package Insert 
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LET’S STOP BUILDING 
WALLS AROUND 
THESE KIDS. 


Walls of misunderstanding, over- 
protection, or prejudice still keep kids 
with epilepsy isolated from other chil- 
dren. While some need special help, 
they don’t need walls. 

Let's get rid of the walls around 
children with epilepsy or other dis- 
abilities—and count them in. For the 
facts, call Epilepsy Foundation of 
America, 1-800-EFA-1000. Or contact 
your local EFA affiliate. 


Epilepsy Foundation of America 


This space donated by publisher 
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Drug Company Gifts to Physicians to Be Curbed 


Washington, DC. —An investigation by the Labor and Hu- 
man Resources Committee into pharmaceutical company 
- <gifts to physicians revealed that, in 1988, pharmaceutical 
companies spent more than $165 million on gifts, trips, and 
~ «payments to physicians in hopes of influencing their prescrip- 
tion decisions. 
Senator Edward Kennedy (D, Mass), the committee chair- 
man, said a study by his panels staff determined that the 
pharmaceutical industry spends more than $5 billion per year 
on promoting drug products in the United States. Kennedy 
stated that a large portion of that amount is being spent on 
“questionable tactics that subvert basic medical standards, 
tempting doctors with lavish vacations, gifts, and cash pay- 
ments. And doctors who accept lavish industry gifts are 
jeopardizing their objectivity and compromising the trust of 
their patients (Am Med News. December 28, 1990:1).” 
Gerald Mossinghoff, president of the Pharmaceutical Man- 
ufacturers Association (PMA), defended the drug companies’ 
actions as necessary because of the importance of communica- 
tion regarding the latest drug therapies. The PMA repre- 
sents more than 100 pharmaceutical companies that develop 
and produce most of the nation’s prescription drugs. 
As a result of the committee's investigation, the PMA has 
<< Noluntarily adopted guidelines developed by the Council on 
«© Ethical and Judicial Affairs of the American Medical Associa- 
-= tion (AMA). Mossinghoff said that the adoption of these 
-guidelines was “a significant step by the pharmaceutical in- 
dustry to maintain important communications between man- 
ufacturers and physicians in a way that recognizes newly 
expressed concerns by physician organizations” (New York 
Times. December 12, 1990:A11). 
The guidelines were developed by the AMA’s Council on 
Ethical and Judicial Affairs because of concerns regarding the 
appropriateness of some gifts given to physicians by pharma- 
ceutical and medical equipment companies. The council's re- 
port on gifts to physicians from industry stated that, although 
there is no evidence that physicians knowingly or intentional- 

ly compromise their patients’ care as a result of gifts from 
“industry, subtle influences may arise that can result in medi- 
~ eal decisions based on considerations that go beyond scientific 
knowledge and patient needs. Also, the council was con- 


- -cerned about the appearance of impropriety, especially if gifts 


were of substantial value, and that the cost of gifts to physi- 
-¢lans would ultimately be passed on to the public. 

According to the AMA guidelines, unacceptable gifts from 
the pharmaceutical industry are: 

1, Cash. 

2. Subsidies for travel, lodging, or personal expenses or 
compensation for time spent by physicians attending confer- 
ences or meetings. 

3: Payment for token consulting or advisory services. 





= - Julie Foreman, Section Editor 





Arch Ophthaimol—Vol 109, February 1991 








4. Gifts with “strings attached,” such as those given in 
relation to a physician’s prescribing practices. 

Acceptable gifts are: 

1. Gifts with educational value, such as textbooks. 

2. Work-related gifts of minimal value: pens, notepads, 
and penlights. 

3. Subsidies to underwrite the costs of continuing medical 
education conferences or professional meetings. 

4, Scholarships for medical students, residents, and fel- 
lows to attend educational conferences, as long as selection is 
made by their academic institutions. 

5. Reasonable compensation and reimbursement of ex- 
penses sustained by consultants. 

6. Modest meals, usually in conjunetion with educational 
programs (Am Med News. December 28, 1990:1). 

Prior to the development of the AMA guidelines, the Amer- 
ican Academy of Ophthalmology issued an advisory opinion of 
the Code of Ethics for its members. The AAO’s guidelines list 
potentially troublesome arrangements as: 

1. Gifts from vendors. 

2. Trips to meetings paid for by vendors. 

3. Acontrollable, negotiable interest (financial investment 
or stock holdings) either directly or through an immediate 
family member in an ophthalmic-related business. 

4. Vendor support of educational and scientific meetings 
and research where the vendor controls or influences. the 
content of the meeting or research. 

5. Free samples of preducts or supplies for distribution to 
patients or for the personal use of the health care providers. 

6, Noneducational or nonbusiness activities, ie, social func- 
tions, meals, travel, and entertainment. 

7. Any real or implied obligation to promote companies’ 
products in exchange for money, gifts, favors, entertainment, 
travel, or accommodation. 

Kennedy praised the AMA and PMA for their actions but 
expressed concern that the guidelines would not be enough to 
deter this practice. He said he would propose legislation to 
strengthen the authority of the Food and Drug Administra- 
tion to police drug company promotional activities ifthe PMA 
and AMA do not show that they strictly enforce the new 
guidelines (Am Med News. December 28, 1990:1). 

Daniel Johnson, Jr, MD, Vice Speaker of the House of 
Delegates of the AMA, said that there was little evidence that 
doctors were actually being influenced by gifts, but the guide- 
lines would “help ensure that treatment decisions are founded 
on sound scientific judgment.” He also said that, although the 
guidelines are not legally binding, local medical societies and 
state licensing boards usually adopt AMA policy to set ethical 
standards. 

Kennedy asked both the AMA and PMA to report to the 
Labor and Human Resources Committee by early 1991 the 
specific steps they are taking to ensure that drug companies 
and physicians follow the new guidelines. 

JULIE FOREMAN 


InFocus 187. 


Book Reviews 


Ophthaimology: A Diagnostic Text, 
by William H. Coles, 402 pp with illus, 
Baltimore, Md, Williams & Wilkins, 1989, 
$29.95. 


A primer serves as a basis for ex- 
panded learning. This textbook is in- 
tended as an ophthalmology primer 
for medical students, interns, ophthal- 
mology residents beginning their 
training, and nonophthalmic practi- 
tioners. The text emphasizes signs, 
symptoms, and diagnoses. The treat- 
ment of these disorders is addressed 
only when such discussion will expand 
knowledge of the disease. 


“The text emphasizes signs, 


symptoms, and diagnoses.” 


The text is composed of two parts: 
part 1 covers “Concepts” and part 2 
covers “Essential Topics and Defini- 
tions.” Preceding the text are 44 color 
plates and drawings that are referred 
to in the narrative. Black-and-white 
photographs and drawings are well 
placed throughout the text, highlight- 
ing and clarifying important points. 

Part 1 contains brief chapters dis- 
cussing most of the major ophthalmic 
subspecialties. These chapters ade- 
quately cover basic information useful 
to the novice or nonophthalmic practi- 
tioner. The book covers diseases topi- 
cally without differential diagnoses, 
although these would be helpful. Sep- 
arate chapters on red eye and ocular 
emergencies would have been very use- 
ful, because the nonophthalmologist is 
likely to face these problems. Instead, 
these topics are addressed in other 
chapters but are not fully developed. 
The author includes a chapter empha- 
sizing special ophthalmic consider- 
ations for children, which is an impor- 
tant addition not usually found in texts 
written for this audience. 

Part 2 is an excellent resource of 
ophthalmie terms, diseases, instru- 
ments, diagnostic tests, and syn- 
dromes likely to be encountered in an 
ophthalmology clinic. The photo- 
graphs and drawings accompanying 
the definitions enhance the reader's 
comprehension of the information pre- 
sented. This two-part format works 
well and surpasses earlier texts of this 
type. 

Ophthalmology provides the medical 
student and nonophthalmice practitio- 
ner with essential basic information. 
Dr Coles has succeeded in providing 


readers with a primer for ophthalmol- 
ogy. 
ERNEST W. KORNMEHL, MD 
Boston, Mass 


Inherited Retinal Diseases: A Diag- 
nostic Guide, by Juan M. Jimenez-Si- 
erra, Thomas E. Ogden, and Gretchen B. 
Van Boemel, 289 pp with 499 illus, St 
Louis, Mo, CV Mosby Co, 1989, $95. 


Inherited retinal disorders are a 
fascinating group of diseases that 
are infrequently encountered in a 
routine ophthalmic practice. How- 
ever, accurate diagnoses of these con- 
ditions are necessary to provide the 
genetic and prognostic counseling 
that may be very helpful to patients 
and their families. This book is a 
unique atlas that identifies the char- 
acteristic features of 72 inherited 
retinal disorders. The text is in- 
tended for the general ophthalmolo- 
gist who may have the opportunity 
to examine a patient with an un- 
usual case of inherited retinal abnor- 
mality. In addition, residents and 
fellows of ophthalmology will find 
this book a convenient reference 
source for an overview of the salient 
features of this collection of rare ret- 
inal diseases. 


“ ..a unique atlas that identi- 
fies the characteristic features of 
72 inherited retinal disorders.” 


The book is organized into three 
sections. Part 1 provides a brief review 
of the important principles of inherit- 
ance of human disease and genetic 
counseling. Seventy-two disease enti- 
ties are presented in part 2. The disor- 
ders are divided into seven anatomic 
categories: choroid, Bruch’s mem- 
brane, retinal pigment epithelium, ret- 
inal pigment epithelium photerecep- 
tor complex, photoreceptors, inner ret- 
ina, and vitreoretinal diseases. Each 
disorder within the anatomic category 
is outlined on one or two pages, includ- 
ing a brief summary of the pertinent 
clinical findings, the inheritance pat- 
tern, and the natural histery of the 
disease. Representative color fundus 
photographs and interpretive line 
drawings clearly illustrate each disor- 
der. Original references are provided. 
The differential diagnosis for each dis- 
ease and for categories of disease, such 
as fleck dystrophies or photoreceptor 
abnormalities, are included. Flow 
charts based on important clinical and 
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laboratory characteristics of each dis- 
order are provided to help one arrive at 
the correct diagnosis. The third and 
final section of the book contains a 
short review of electrophysiologic and 
psychological tests. 

Inherited Retinal Diseases is a well- 
organized atlas and reference text that 
would be especially useful to general 
ophthalmologists and to ophthalmolo- 
gists-in- training as a guide to help 
identify these rare and intriguing dis- 
orders. Many ophthalmologists will 
also find the additional sections on ge- 
netic counseling and electrophysio- 
logic and psychophysical testing valu- 
able reference material. Ophthalmol- 
ogists in all subspecialty fields and 
levels of training will enjoy the exten- 
sive collection of color fundus photo- 
graphs. 

JANEY L. Wiccs, MD, PHD 
Boston, Mass 


Glaucoma: Proceedings of the 
Fourth International Symposium of 
the Northern Eye Institute, Manches- 
ter, UK, 14-16 July 1988, edited by KB 
Mills, 250 pp with illus, Elmsford, NY, Per- 
gamon Press Inc, 1989, $125. 


This volume documents the proceed- 
ings of a symposium at the Northern 
United Kingdom Eye Institute held in 
July 1988. Twenty-four reports are 
presented, including 13 by authors 
from the United Kingdom, five from 
the United States, two from Italy, and 
one each from New Zealand, Sweden, 
Japan, and Canada. The reports are 
uniformly brief and specific. Extensive 
references are provided. 


“... provides an introduction to 
many ...of the recent advances in 
glaucoma.” 





The preface states that the meeting 
was designed to “review the present 
state of knowledge of the topic... re- 
flect new developments...and point 
to new directions for future research.” 
Recent advances in glaucoma that 
have been published in the United 
States in 1988 and are not discussed in 
this book include apraclonidine, topi- 
cal carbonic anhydrase inhibitors, and 
transscleral cyclophotocoagulation. 
These disappointing omissions reflect 
both the selection of material for a 
symposium in the United Kingdom 


Book Reviews 


and the rapidity with which these ad- 
vances have occurred. 

The book is divided into six sections: 
background reports, glaucoma detec- 
-tion and perimetry, and management 

of open angle glaucoma, secondary 

glaucoma, and complicated glaucoma. 
Grierson and Calthorpe provide a 
„summary of the current knowledge of 
trabecular meshwork. There is much 
crossover between these divisions and 
subtitles. Kitazawa discusses diurnal 
variations of intraocular pressure, and 

Schwartz reviews detection of early 
glaucoma by computer analysis of the 
optic disc, optie dise fluorescein an- 
giography, and nerve fiber layer exam- 

“ination. 

An interesting article by Damato et 
al describes oculokinetic perimetry in 
which the stimulus stays in fixed posi- 

“tion while the patient moves his or her 

eye to predetermined points, and 
records those points at which he or she 
does not see the stimulus. This report 
includes a photograph of a prototype 
“pocket perimeter” for home use. 

Phillips describes his work with top- 
ical mifepristone, also known as RU- 
486, which has received wide press for 
its antiprogesterone effect and use as 
an oral abortifacient drug. He de- 
scribes this drug’s more general an- 
_, tiglucocorticoid effect and its potential 

~to counter the theoretical pressure el- 


` evation caused by endogenous steroids. 


== Pollack, Robin, and Del Priore re- 
port on neodymium-YAG laser trabe- 
culopuneture in monkeys and humans. 
Seventy-nine eyes of 61 patients with 
open angle glaucoma were treated; 
46% had intraocular pressures of 22 
mm Hg at 1 year. Wise provides an up- 
dated review of argon laser trabeculo- 
plasty and describes a series of pa- 
tients whose condition were controlled 
10 to 12 years after treatment. 
Kwitko provides a superb summary 
of medical and surgical glaucoma ther- 
apies. A chapter on inflammatory 
~ glaucoma by Kanski and McAllister is 
disappointing in its scope; instead of 
reviewing a recent peer-reviewed arti- 
cle on artificial filtering shunts, they 
report only that they implanted pump 
valves in two patients, both of which 
failed. In one of the best articles, Mol- 
teno and Dempster discuss control of 
bleb fibrosis around draining im- 
plants. They detail their favored regi- 
men and explain the chain of events 
that they seek to modulate with these 
drugs. 

This collection of reports provides 
an introduction to many, but not all, of 
-the recent advances in glaucoma. Some 
< articles are more appropriate for oph- 
thalmology residents, while others are 


Arch Ophthaimol—Vol 109, February 1991 





more relevant to the glaucoma subspe- 
cialist. 
Howarp Weiss, MD 
Boston, Mass 


Bear in Mind 


The following is a list of books re- 
viewed from January through June 
1990 that were considered important 
contributions to the ophthalmic litera- 
ture. They are arranged in the order 
that the reviews appeared. 


Consultation in Ophthalmology, by 
Thomas R. Hedges Ill, 447 pp with illus, 
Philadelphia, Pa, BC Decker Inc, 1987, 
$24.95. 

“Weighted toward the more common 
clinical entities.” 


Manual! of Cataract Surgery, by Rob- 
ert Sinskey and Jay Patel, 91 pp with illus, 
New York, NY, Churchill Livingstone inc, 
1987, $30. 

“The brevity of this manual, 91 pages, 
allows for cover-to-cover reading.” 


Retinal Detachment: Diagnosis and 
Management, 2nd ed, by William Ed- 
mund Benson, 238 pp with 174 illus, Phil- 
adeiphia, Pa, JB Lippincott, 1988, 
$49.50. 

“Contains a wealth of statistical infor- 
mation.” 


Prevention of Eye Disease, edited by 
Mitchell H. Friedlander, 192 pp, New 
York, NY, Mary Ann Liebert Inc, 1988, 
$64. 

“Contains much practical information 
for the general ophthalmologist.” 


An Atlas of Diseases of the Eye, 3rd 
ed, by E. S. Perkins, P. Hansell, and R. J. 
Marsh, 90 pp with illus, New York, NY, 
Churchill Livingstone Inc, 1986, $22.50. 

“The specialty of ophthalmology is 
ideally suited to such an atlas.” 


Retina, edited by S. J. Ryan, T. F. Og- 
den, A. P. Schachat, et al, 2248 pp with 
illus, 3 volumes, St Louis, Mo, CV Mosby 
Co, 1989, $325. 

"An essential reference for clinicians.” 


Eye Lid Tumors: Clinical Diagnosis 
and Surgical Treatment, by Jay Justin 
Older, 133 pp with illus, New York, NY, 
Raven Press, 1987, $78.50. 

“Outstanding color plates... col- 
lected in his private practice during the 
past 15 years.” 


intraocular Lenses: Evolution, De- 
signs, Complications, and Pathology, 
by David J. Apple, Nick Mamalis, Randall 
J. Olson, and Marilyn C. Kincaid, 533 pp 
with illus, Baltimore, Md, Williams & 
Wilkins, 1989, $199.95. 

“Few medical textbooks are as beau- 
tifully illustrated as this one.” 


Vascular Birthmarks: Hemangio- 
mas and Malformations, by John B. 
Mulliken and Anthony E. Young, 483 pp 
with 363 illus, Philadelphia, Pa, WB Saun- 
ders Co, 1988, $161. 

“Ophthalmologists with an interest in 
developmental anomalies will find much to 
interest them.” 


Textbook of Phacoemulsification, 
by W. F. Maloney and L. Grindle, 147 pp 
with illus, Thorofare, NJ, Slack Inc, 1988, 
$65. 

“Complications do not spontaneously 
‘happen,’. . . during phacoemulsifica- 
tion... the surgeon has so much con- 
trol.” 


The Glaucomas, vols 1 and 2, edited 
by Robert Ritch, M. Bruce Shields; and 
Theodore Krupin, 1417 pp with illus and 
color plates, St Louis, Mo, CV Mosby Co, 
1989, $160. 

“A major text in the field of glaucoma.” 


Uveitis: A Clinical Approach to Di- 
agnosis and Management, 2nd ed, by 
Ronaid E. Smith and Robert A. Nozik, 266 
pp with illus, Baltimore, Md, Williams & 
Wilkins, 1989, $81.95. 

“Important additions refer to relatively 
new entities.” 


Ocular Pathology: A Text and Atlas, 
3rd ed, by Myron Yanoff and Ben S. Fine, 
737 pp, Philadelphia, Pa, JB Lippincott, 
1989, $95. 

“A distinct improvement on an already 
fine textbook.” 


Greer’s Ocular Pathology, 4th ed, 
edited by David R. Lucas, 339 pp with il- 
lus, Boston, Mass, Blackwell Scientific 
Publications inc, 1989, $99. 

“For a book of modest size, it is 
remarkably complete.” 


New Microsurgical Concepts IH: 
Cornea, Posterior Segment, External 
Microsurgery, edited by J. Draeger and 
R. Winter, 226 pp with illus, New York, NY, 
S Karger AG, 1989, $140. 


“This collection of reports certainly 
presents the cutting edge of microsurgery 
in all fields of ophthalmology.” 
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News and Comment 

The American Association of Oph- 
thalmic Pathologists Elects New Offi- 
eers.—The American Association of 
Ophthalmic Pathologists has elected the 
following officers for 1991: Gordon C. 
Klintworth, MD, Duke University, 
Durham, NC, president; Allan H. 
Friedman, MD, Mt Sinai Hospital, 
New York, NY, president-elect; and 
Zeynel A. Karcioglu, MD, Tulane Uni- 
versity, New Orleans, La, secretary- 
treasurer. 

American Society of Ophthalmic 
Plastic and Reconstructive Surgery 
Elects New Officers.—The executive 
committee of the American Society of 
Ophthalmic Plastic and Reconstructive 
Surgery elected new officers for 1991 at 
the Annual Meeting in Atlanta, Ga, on 
October 26, 1990. The following officers 
were elected: Arthur S. Grove, Jr, MD, 
president; John A. Burns, MD, presi- 
dent-elect; Albert Hornblass, MD. 
vice-president; Daniel L. McLachlan, 
MD, executive secretary; Gerald J. 
Harris, MD, treasurer; John N. Har- 
rington, MD, secretary; Bradley N. 
Lemke, MD, program chairman; and 
John W. Shore, MD, assistant program 
chairman. 

National Eye Institute Seeks Pa- 
tients.—The National Eye Institute is 
seeking patients with uveitis with glau- 
coma for a new clinical trial. The trial 
will compare the safety and efficacy of a 
Molteno implant with that of trabeculo- 
tomy followed by low-dose fluorouracil 
in lowering intraocular pressure and 
lessening complications of surgery for 
patients with a poor prognosis. Eligible 
patients are those with uveitis receiving 
maximal glaucoma therapy with intrao- 
cular pressures greater than 21 mm Hg, 
optic nerve cupping, and progressive 
visual field changes consistent with 
glaucoma. The National Institutes of 
Health will provide free medical and 
hospital care required by the study. 
Test results will be made available to 
any patients physician on request. Re- 
ferring physicians will receive a com- 
plete report after surgical follow-up is 
completed and early notification of 
study results prior to publication. Re- 
ferrals should be made to: Benjamin L. 
Rubin, MD, National Eve Institute, 
National Institutes of Health, Bldg 10, 
Room 10N104, Bethesda, MD 20892; 
(801) 496-1243. 

Darrell E. Wolfley, MD, Joins the 
Center for Sight.—Darrell E. Wol- 
fley, MD, has been appointed professor 
of ophthalmology and director of the Or- 
bital and Ophthalmic Plastic Surgery 
Service at the Center for Sight at the 
Georgetown University Medical Center 
in Washington, DC. A graduate of the 








Darrell E. Wolfley, MD 


Northwestern University Medical 
School in Chicago, Hl, Dr Wolfley com- 
pleted his internship, resideney, and 
fellowship training at the University of 
Washington Hospital in Seattle, Tripler 
Army Hospital in Honolulu, Hawaii, 
and New York (NY) Medical Center, 
respectively. Dr Wolfley most recently 
held a similar faculty position at the 
Louisiana State University Eye Center 
in New Orleans. 


Peter Savino, MD, Receives Heed 
Award.— Peter Savino, MD, has been 
selected by the Society of Heed Fellows 
as the recipient of the 1990 Heed 
Award. The Heed Award was pre- 
sented to Dr Savino by Frank Newell, 
MD, chairman of the Heed Ophthalmic 
Foundation, during the annual Society 
of Heed luncheon held in conjanction 
with the American Academy cf Oph- 
thalmology Meeting in Atlanta, Ga, on 
October 29, 1990. The Heed Awerd rec- 
ognizes Dr Savino’s contributions in 
clinical care, education, and research in 
the field of ophthalmology. Dr Savino is 
clinical professor of ophthalmology at 
the University of Pennsylvania School 
of Medicine, director of neuroophthal- 
mology at Wills Eye Hospital, and the 
chairman of the department of ophthal- 
mology at Graduate Hospital in Phila- 
delphia, Pa. 








Sinai Hospital Announces the 
Opening of the Kreiger Eye Insti- 
tute.—Irvin P. Pollack, MD, chief of 
department of ophthalmology, Sinai 
Hospital of Baltimore, Md, announces 
the opening of the Kreiger Eye Insti- 
tute. Made possible by a grant cf more 
than $3.5 million from the Yanvyl 
Kreiger Foundation and a gift of more 
than $2.5 million from the Rosenthal- 
Statter Foundation, the Institute will 
provide more than twice the space for- 
merly utilized by the department. Ac- 
cording to Dr Pollack, professor of oph- 
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thalmology at The Johns Hopkins 
University and the director of the 
Kreiger Institute, the new Institute 
will not only provide clinical care for an 
increasing number of patients, but also 
expand research capability. 


Kenneth D. Sterner Named Senior 
Vice President for Tissue Banks In- 
ternational.—Tissue Banks Interna- 
tional (TBD, the world’s largest non- 
profit network of eye and tissue banks, 
recently announced the promotion of 
Kenneth D. Sterner to senior vice presi- 
dent. In his new position, based at TBI's 
national headquarters in Baltimore, 
Md, Mr Sterner will have responsibility 
for TBl-affiliated eye banks on the 
United States’ East Coast. He will also 
direct the organization’s tissue distribu- 
tion and information center, which 
places tissue for transplant surgery 
worldwide. Tissue Banks International, 
a network of 26 eye banks located 
throughout the United States, is the 
largest source of surgical quality corne- 
al tissue in the world. 


Andrew P, Schachat, MD, to Direct 
Wilmer Institute’s Retinal Vascular 
Center. — Andrew P. Schachat, MD, as- 
sistant editor of the ARCHIVES, has been 
named to succeed Stuart L. Fine, MD, 
as director of the Retinal Vascular Cen- 
ter of the Wilmer Ophthalmological In- 
stitute at The Johns Hopkins Hospital in 
Baltimore, Md. He also direets the Ocu- 
lar Oncology Service there. Dr Scha- 
chat is associate professor of ophthal- 
mology at The Johns Hopkins 
University. After attending The Johns 
Hopkins University School of Medicine, 
he completed his residency at the Wil- 
mer Institute and his vitreoretinal and 
oncology fellowship at the Wills Eye 
Hospital in Philadelphia, Pa. Dr Scha- 
chat has been on the full-time faculty at 
Wilmer since 1984, 


Andrew P. Schachat, MD 





News and Comment 





Dr Schepens (center), is congratulated by Senator John Kerry (D-Mass) (left) and Belgian 
Ambassador to the United States, Herman Dehennin (right). 


Charles Schepens, MD, Donates 
Instrument to the Smithsonian. — 
Charles Schepens, MD, founder and 
president of the Eve Research Institute 
in Boston, Mass, was honored at a lun- 
cheon in Washington, DC, on Septem- 
ber 27, 1990, celebrating the acceptance 
by the Smithsonian Institutions Na- 
tional Museum of American History of 
the prototype of Dr Schepens’ inven- 
tion, the indirect binocular ophthalmo- 


scope. The ophthalmoscope was the 
first instrument to make it possible to 
see the entire retina of the eye. 


Jonathan C. Javitt. MD, MPH, Ap- 
pointed Assistant Professor. —Jona- 
than C. Javitt, MD, MPH, has been 
appointed assistant professor of oph- 
thalmology and associate director of the 
Worthen Center for Eye Care Research 
at the Center for Sight at the George- 





Jonathan C. Javitt, MD 


town University Medical Center in 
Washington, DC. Dr Javitt earned his 
medical degree at Cornell University 
Medical Center in Ithaca, NY, and his 
public health degree in the Department 
of Health Policy and Management at the 
Harvard School of Public Health in Bos- 
ton, Mass. Dr Javitt completed his resi- 
dency at the Wills Eye Hospital at 
Thomas Jefferson University in Phila- 
delphia, Pa, and served as a clinical 
glaucoma fellow at the Wilmer Eye In- 
stitute at the Johns Hopkins University 
in Baltimore, Md, where he remains a 
part-time faculty member of the Dana 
Center for Preventive Ophthalmology. 








Obituary 


Byron Smith, MD, 1908-1990 


On December 5, 1990, a brilliant oph- 
thaimic career—one that spanned the 
“golden age” of ophthalmology (which 
he helped make precious)—came to an 
end. Byron Smith, MD, will be remem- 
bered for his tremendous contributions 
to the fields of ophthalmology and plas- 
tic surgery. During his long profession- 
al career, he was recognized for his inge- 
nuity, skill, and individuality. He will be 
missed by residents, fellows, and pa- 
tients from all parts of the globe. 

Byron Smith leaves behind a wonder- 
ful, loyal, and beautiful wife, and two 
sons, Grady and Lindsey, who unself- 
ishly shared him with the rest of the 
world. He inherited his smile and keen 
sense of humor, as well as an unusual 
stamina for both work and play, from his 
family, and he learned from his grand- 
mother that there were no such words 
as “I can't.” Byron Smith had a special 
joie de vivre and lived life to the full. 

His background was broad: psychia- 
try, orthopedics, general surgery, and 
ophthalmology were among the sci- 
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ences he studied. In World War H, his 
hospital, the First General Hospital in 
Paris, France, became the Allied center 
for the surgical reconstruction and re- 
habitation of the facially disfigured. 
Byron Smith went on to become one of 
the most prominent plastic surgeons in 
the world but, as was his fashion, he 
modestly gave credit to his predeces- 
sors, John Wheeler, MD, and Wendell 
Hughes, MD. 

Byron Smith trained hundreds of res- 
idents and fellows. He had an unusual 
affinity for teaching, lecturing, and 
writing, and enjoyed sharing his know 
edge with others. He was creative, in 
quisitive, inventive, and an ardent 
problem solver. An example of his inge- 
nuity was his discovery of the mechz 
nism and treatment of “blow out” frac 
tures of the orbit. In addition, by 
sharing his research and expertise witt 
Barraquers (internationally known 
ophthalmologist) of Spain and Richard 
Petrelli, MD, of Yale University in 
New Haven, Conn, he rediscovered the 
use of dermis-fat grafting. The five 
books he produced on ophthalmic plastic 
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surgery are further testimony to his 
commitment to sharing. 

In his personal life, Byron Smith was 
a superb fly fisherman and especially 
loved to fly cast for trout. He was an 
accomplished rifleman and could shoot 
accurately from his waist. However, de- 
spite patient and repetitious teaching 
by William Burns, MD, Byron could 
have improved his score in golf! 

We shall all remember Byron Smith 
as a human being first, and then as a 
doctor and “super specialist.” There is 
not an ophthalmic plastic surgeon in the 
world who does not owe Byron a debt of 
gratitude and respect. Ramon Castro- 
viejo, MD, Alston Callahan, MD, 
Crowell Beard, MD, B. Rycroft, MD, 
and Charles Iliff, MD, were among his 
closest friends. He operated on General 
George Patton. However, he never lost 
the “common touch.” The University of 
Kansas and Yale University can be jus- 
tifiably proud ef him. He has left his 
footprints in the sands of time. 


Rocko MICHAEL FASANELLA, MD 
New Haven, Conn 
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ally inadequate diets.’ 
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Editorials 


‘Who Develops Cataracts? 


(-\ ver 50% of the world’s blind population is blind due 

to cataract, making it the single leading cause of 
blindness.’ The medical and social costs of cataractous 
blindness fall disproportionately on less developed 
countries such as India, where it is estimated that 
cataracts are three times more common and develop 
earlier in life than in the United States.** Discussions of 
approaches to the cataract conundrum usually have a 
surgical framework; considerable debate has arisen 
over methods of providing acceptable and effective cat- 
aract surgery to those in most need in both the United 
States and abroad.* 


See also pp 244, 252, and 256. 


Preventive ophthalmology offers another approach 
to the cataract problem by seeking to identify factors 
that might modify the onset or progression of cataracts. 
Ifa factor could be found that simply delayed the onset 
of cataract by 10 years, the number of cataract opera- 
tions would decline by 45%.° 

Aseries of rigorous investigations for such factors, as 
exemplified by the case-control study by Leske and 
coauthors’ in this issue, have incorporated in their de- 
signs important advances in the field of cataract epide- 
miology. First, recognition that different cataract 
types may have been caused by different mechanisms 
and thus different causal factors has led to more precise 
research than was possible by grouping all cataract 
types together. For example, seemingly conflicting 
findings on the importance of sunlight exposure to the 
risk of cataracts probably reflect differences in the 
types of cataracts under study.™ Second, a reliable 
system for determining the presence and severity of 
the different lens opacity types in vivo was sorely need- 
ed and subsequently developed.** Lens opacities can 
now be categorized by type, extent, and density (for 
nuclear opacities) without necessarily incorporating vi- 
sual acuity as a surrogate criterion for severity; visual 
acuity is a notoriously poor discriminator of severity of 
cortical opacities, for example. While having proven 
reliability for cross-sectional and case-control studies, 
it should be noted that these classification systems have 
yet to be evaluated for use in longitudinal studies. 
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The results of these epidemiologic studies suggest 
that cataracts are not simply another sad consequence 
of aging. Who develops cataracts may well be deter- 
mined by environmental insults as well. In studies in 
which the population has a wide range of occupational 
exposure to sunlight, long-term exposure to UV B 
radiation appears to increase the risk of cortical and 
posterior subcapsular opacities but not nuclear opaci- 
ties.” On the other hand, nuclear opacities are associ- 
ated with heavy smoking,” a result again found by 
Leske and coauthors. Ex-smokers appear to have a 
lower risk than current smokers, regardless of the 
amount smoked. Another factor of potential impor- 
tance to populations overseas is the possible effect of 
severe diarrheal episodes on cataractogenesis. One 
case-control study in India found a 21-fold increase in 
the odds of having cataract among participants with 
two or mere episodes of diarrheal-induced dehydration 
crises." Subsequent studies in India and Bangladesh 
have found no association between severe diarrheal 
disease and any type of cataract. ®™ Further research to 
clarify this association is clearly warranted, as the pro- 
portien of cataract in India potentially attributable to 
diarrheal episodes may well be as high as 30%." 

To this cataractogenic triad of smoking dosage, day- 
light, and diarrhea, we may well need to add diet as 
another possible factor. The rationale for a dietary 
hypothesis of cataractogenesis is biologically plausible. 
Oxidation through a number of mechanisms is almost 
certainly a cause of cataracts, and antioxidants have the 
potential to ameliorate the oxidant injuries to cell mem- 
branes or proteins. Theoretically, persons with low 
levels of antioxidants of low intake or vitamins with 
antioxidant activity, such as vitamins E and C, ribofla- 
vin, and the carotenoids, may be at greater risk of 
cataract. 

Animal studies have shown that nutritional deficien- 
cies are associated with cataract formation, but cor- 
roborating evidence for human cataract is sparse.” Sev- 
eral problems plague epidemiologie studies of nutrition 
and cataract, not the least of which is the high correla- 
tion among the dietary intakes of various nutrients. For 
example, one study in India suggested that persons 
with diets low in total protein may be at greater risk of 
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cataract.” However, such persons usually have low ri- 


boflavin intake as well, making analysis of the specific 
effect of dietary protein alone difficult. Currently, 
there is much interest in the possible role of nutritional- 
ly. derived antioxidants and their protective role 
against cataract formation. However, with nearly 40% 
of the adult population taking vitamin/mineral supple- 
ments, even irregularly, there is little possibility that 
the separate effects of each antioxidant can be evaluat- 
ed. Recognizing this difficulty, Leske and coauthors 
constructed an index of antioxidant vitamin based on a 
food-frequency questionnaire. The index comprised re- 
ported intake of riboflavin, vitamins C and E, and 
earotene. Their results suggest that subjects with the 
highest intake had a 40% to 50% lower odds of cortical, 


“nuclear, or mixed cataract opacities compared with 


those with the lowest intake. Put another way, these 
data suggest that the odds of having cortical, nuclear, 
or mixed opacities were 2.5-fold higher in subjects at 
the lowest level of the antioxidant vitamin index than in 
those at the highest level. The results were significant 
when adjusted for 15 other possible confounding factors 
in their model. With the exception of the known risk of 
posterior subcapsular cataract (PSC) with use of ste- 
roid medication, no other factors studied had such a 
potential impact on the risk of cataract. 

How are we to interpret such a finding? Two other 
studies, one in India and another in a Boston (Mass) 
population, have found that low levels of the respective 
antioxidant indexes were risk factors for lens opacities, 
although the opacities were different from those re- 
ported by Leske et al.” Mohan et al found high values for 
their antioxidant index; a mix of vitamins C and A, 
glutathione peroxidase, and glucose-6-phosphate dehy- 
drogenase were protective against PSC alone or PSC 
with nuclear cataract.“ Unlike the latest results of 
Leske et al, no association was seen between antioxi- 
dants and cortical or nuclear opacities. Jacques et al 
found an association between combined cortical and 
PSC and low levels of their antioxidant index, which 
included plasma levels of vitamins C and E and carot- 
enoids, with erythrocyte enzyme levels of superoxide 
dismutase and glutathione peroxidase.” There is no 
obvious explanation for the associations with disparate 
types of opacities. Attributing differences to different 
_eataract classification schemes is overly simplistic. 
While further research to clarify these inconsistencies 
is warranted, it is noteworthy that several studies, 
using different methods in different populations, have 
now reported an association of increased risk of lens 
opacities with a low value of an antioxidant index. 

Another obvious question from these results is, How 
low is “low”? Unfortunately, the basic data are not 
provided by either the present study or the study from 
India. While significant results come from an index 
combining low levels of several antioxidants, basic de- 
scriptions of the quintiles that define “low” for each 
component could be easily shown. In fact, high and low 
values of indexes were based on study-specific distribu- 
tions of quintiles. Surely quintiles based on a population 
from India will differ from quintiles based in Boston, 
but we cannot determine the extent to which there is 
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even overlap. Moreover, without knowing the values 
for the low or high quintiles, it is difficult to attach 
public health significance to the findings. For example, 
depending on the cutoff value, one could determine 
whether it is likely that 2% or 20% of the population 
would fall in the lowest quintile, and what proportion of 
the population might be at risk. Data are available on 
the distributions of various nutrients in the United 
States population,” so some extrapolation may be pos- 
sible. A lone plea is hereby entered for publications to 
include those basic descriptors that would permit not 
only meaningful comparisons between studies, but a 
better understanding of the likely significance or mag- 
nitude of the problem. 

The next generation of studies to explore the role of | 
antioxidants in cataractogenesis should not be simply: 
“me too” research. With the present state of knowledge. 
in nutritional epidemiology, it is unlikely that case- 
control studies will be able to improve on the impreci- 
sion of measuring nutritional status that is concurrent 
with the cataract. Ideally, data on nutritional status 
should be obtained prior to the onset. of cataract when 
any deficiencies may have had some etiological signifi- 
cance. Hopefully, that longitudinal data will be forth- 
coming on incidence or progression of lens opacities in 
groups categorized as “low” in antioxidants compared 
with groups in the “high” category.” 

It is obviously premature to recommend vitamin in- 
gestion as a control strategy for cataract. While it is 
true that use of nonprescription vitamin supplements 
carries little risk of toxicity, it is misleading patients at 
this time to suggest that they can prevent or retard the 
development of cataract through vitamin intake. Clear- 
ly, more data are needed to clarify and confirm the 
research findings thus far. Such research may add yet 
another element to the multifactorial causes of 
cataract. 

The ophthalmic community is steadily building a pro- 
file of risk factors that may not only help elucidate the 
mechanisms of action in cataractogenesis, but also pro- 
vide the knowledge to design preventive strategies by 
targeting effects at those most likely to develop 
cataracts. 


SHEILA K. WEST, PHD 
Baltimore, Md 
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The Wilmer Meeting’s 


N ineteen hundred ninety-one marks the 50th Anni- 
versary of The Wilmer Residents Association 
Alumni Meeting. The “Wilmer Meetings,” as they are 
familiarly known, began in the late 1930s at The Johns 
Hopkins Hospital in Baltimore, Md (meetings were 
suspended during World War H), and were an out- 
growth of the late and great Prof Frank B. Walsh's 
desire that residents have a forum to present their 
-research projects to alumni, peers, and guests of The 
Wilmer Institute. The meetings soon were recognized 
not only for their clinical excellence, but also for the 
enthusiastic and energetic discussions generated by the 
-alumni and guests who had gathered. These exchanges 


--stimulated a camaraderie among members of the meet- 


ings that has endured. 

Many of us will remember the intimate meetings held 
in Johns Hopkins’ Hurd Hall and the free and lively 
discourses that took place there. During these assem- 
blages, the atmosphere might become charged by the 
provocative and sometimes cryptic comments made by 
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50th Anniversary 


the renowned Harvard professor Federick H. Verhoeff 
and others. The Wilmer Meetings proved to be a forum 
for many of the giants of ophthalmology. 

Today both national and local meetings have prolifer- 
ated, but the Wilmer Meeting maintains a certain mys- 
tique. Perhaps it is the memory of the voices of those 
who have gone before— Wilmer, Woods, Friedenwald, 
Walsh, Maumenee, and Patz—and of all the residents 
who stood before us to share their varied interests in 
our field. 

On the oceasion of the 50th Anniversary Meeting, to 
be held April 25 to April 27 in Baltimore, I would like to 
salute The Wilmer Institute and all of its alumni for 
continuing the heritage of clinical and research excel- 
lence that they have shared with us for so many years. 


ROBERT B. WELCH, MD 
Baltimore, Md 


Robert B. Weleh, MD, is president of The Wilmer Residents 
Association. ‘ 
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_ Optic Nerve Head and Nerve Fiber 
: _ Layer in Alzheimer’s Disease 


‘Clark S. Tsai, MD; Robert Ritch, MD; Bernard Schwartz, MD, PhD; Shami S. Lee, MD: 
< Neil R: Miller, MD; Thomas Chi, MD; F. Y. Hsieh, PhD 


e We compared (1) the differences in 
the retinal nerve fiber layer between 26 
patients with Alzheimer’s disease and 30 
-age- and race-matched normal controls 
with use of blue-light high-resolution 
photography, (2) the differences in disc 
pallor between 30 patients with Alz- 
heimer’s disease and 32 controls with 
use of a boundary-tracking program and 
fundus photographs, and (3) the topo- 
graphic disc variables between 26 pa- 
tients. with Alzheimer’s disease and 36 
controls with use of an optic nerve head 


analyzer. A higher proportion of patients 


with Alzheimer’s disease had detectable 
nerve fiber damage as seen by red-free 
photography compared with controls. Al- 
though the pallor area—to—disc area ratio 
was not significantly different between 
patients with Alzheimer’s disease and 


lzheimer’s disease (AD) is the most 
common form of irreversible de- 
mentia, affecting more than 7% of 
_ Americans older than 65 years.’* Clini- 
“eal. features include memory loss of 
insidious onset, aphasia, apraxias, ab- 
-straction and calculation impairment, 
personality and behavioral changes, 
< ang visuospatial impairment.’’ Fila- 
-mentous accumulations and neuronal 
Accepted for publication October 15, 1990. 
From -the Departments of Ophthalmology, The 
New: York Eye and Ear Infirmary, New York 
(Drs Tsai, Ritch, and Chi), Tufts-New England 
Medical Center, Boston, Mass (Drs Schwartz and 
Lee), and The Wilmer Institute, Baltimore, Md 
(Dr Miller); and the Department of Epidemiology, 
Albert Enstein College of, Medicine, Bronx, NY 
(Dr Hsieh). Dr Tsai is now with The Kresge Eye 
Institute, Detroit, Mich. 
Presented in part at the annual meeting of the 
Association for Research in Vision and Ophthal- 
mology, Sarasota, Fla, May 2, 1988, 





oe Reprint requests to the Glaucoma Service, The 


~ New York Eye and Ear Infirmary, New York, 
NY 10003 (Dr Ritch). 
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controls, the patients with higher pallor 
area—to—disc area ratios had higher Alz- 
heimer’s Disease Assessment Scale 
(ADAS) scores and longer durations of 
disease. Patients had an increased cup- 
to-disc ratio and cup volume and de- 
creased disc rim area compared with 
controls. These variables also correlated 
significantly with ADAS scores and the 
duration of disease. The correlation 
among the optic nerve head changes and 
the ADAS scores in patients with Alz- 
heimer’s disease suggests a potential 
role for optic nerve head analysis in 
monitoring the progression of Alz- 
heimer’s disease and in assessing the 
effectiveness of any treatments 
developed. 
(Arch Ophthalmol. 1991;109:199-204) 


degeneration primarily involving the 
limbic system and the neocortex are 
found on histopathologic examination.’ 

The diagnosis of AD is based on 
clinical criteria. There is still no defi- 
nite antemortem clinical marker for 
AD, and brain biopsy is necessary for 
definitive diagnosis. Although the in- 
troduction of National Institute of 
Neurological and Communicative Dis- 
orders and Stroke (NINCDS) criteria 
has improved the diagnostice accuracy, 
the misdiagnosis rate remains above 
10%.“ 

Neuronal degeneration, neurofibril- 
lary tangles, and neuritic plaques have 
been discovered in the primary visual 
cortex, visual association cortex, and 
high-order visual association cortex.” 
Pathologic evidence of optic nerve de- 
generation was found in eight of 10 
postmortem specimens from patients 
with AD, and a reduced number of 


retinal ganglion cells was found in 
three of four. Neither finding included 
neurofibrillary degeneration.” Clinical 
ly, optic disc pallor, mild to moderate 
optic atrophy, and/or visual field loss 
were found in seven of 12 patients with 
AD." 

We investigated the optie dise and 
nerve fiber layer of patients with AD 
with use of retinal nerve fiber photog- 
raphy, computer boundary tracking of 
the dise pallor on fundus photographs; 
and computerized image analysis of the 
optic nerve head.” 


PATIENTS, SUBJECTS, AND METHODS 


Quantitation of Impairment of 
Memory and Cognitive and 
Noncognitive Functions 


The Alzheimers Disease Assessment 
Seale (ADAS)” includes tests for memory 
(word recall and word recognition), cogni- 
tion (object naming, following commands; 
orientation, construction praxis, and ide- 
ational praxis), and noncognitive behavior 
(depression, cooperation, psychiatrie symp- 
toms, motor activity, and vegetative signs), 
The higher the score, the more severe the 
impairment. We used the ADAS to quanti- 
tate the impairment of patients with AD. 
and to exclude abnormal controls. 


Normal Elderly Subjects 


Individuals 55 years or older were re- 
cruited through newspaper advertising. 
They received medical and psychiatric eval- 
uation to exclude the disorders listed in 
Table 1. The remaining healthy individuals 
became part of a cohort of normal controls 
in the AD longitudinal study at the Veter- 
ans Administration Center, Bronx, NY. 
They underwent. an extensive battery of 
cognitive tests semiannually and a complete 
medical examination annually. All had per- 
feet or near-perfect scores (0 through 10) on 
the ADAS. All controls recruited for this 
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—Exclusion Criteria _ 


. Primary affective disorder, schizophrenia, or history of other psychosis 


. Focal neurologic signs or symptoms 
. History of cerebrovascular accident 


. History of hypertension requiring antihypertensive and/or diuretic therapy 

. Abnormal electrolyte levels or poor renal function 

. Abnormal serum folate level, vitamin B,, level, or VDRL result 

. Electrocardiographic abnormalities (heart rate <50 beats per minute or sick sinus syndrome, com- 
plete atrioventricular block, left bundle branch block, or multifocal premature ventricular complexes) 


or a history of myocardial infarction 


. Chest roentgenogram diagnostic of congestive heart failure 
. Chronic obstructive pulmonary disease or asthma 
. Computed tomographic scan with any focal lesion (diffuse atrophy, enlarged ventricles, and wid- 


ened sulci are acceptable) 


. Abnormal cerebrospinal fluid protein levels, cell count, pressure >200 mm H,O 


. Diagnosis of alcoholism 
. Electroencephalographic focal findings 


. History of head trauma with loss of consciousness for >1 h 

. Huntington's disease, Parkinson's disease with extrapyramidal signs and symptoms antedating 
memory loss, Wilson’s disease, or Creutzfeldt-Jacob syndrome 

. Findings indicative of normal-pressure hydrocephalus 

. Uncorrectable loss of hearing or eyesight (which precludes testing) 


. Active hallucinations or delusions 


-Table 2.—Patient Profiles* 


Diagnosis 


Mean + SD 
Age, y 





Nerve fiber layer study 
AD 


69.5 + 9.4 





NL 


70.3 + 7.6 





Pallor study 
AD 


71.3 + 9.6 





NL 


69.5 + 7.8 





RODA study 
AD 


89.0 + 9.3 





NL 


69.3 + 7.6 





* AD indicates Alzheimer’s disease; NL, normal; RODA, Rodenstock optic disc analyzer (Rodenstock instru- 


mente GMBH, Munich, Federal Republic of Germany). 


Quality Grading 


Alzheimer’s Disease Controis 





Fair or better 
Diffuse loss or focal loss 


22 24 
5 + 





Normal 





Normal vs diffuse loss 





Normal plus normal vs diffuse loss 17° 





Cannot read 





Normal vs diffuse loss 





Total Patients 
* Components of 2X2 Fisher's Exact Test table. P = 


study were white and were age-matched 
with the AD group (Table 2). 


Patients With AD 


All patients with AD were white and 
underwent the same medical and psychiat- 
ric evaluation as the control group. The 
exclusions are listed in Table 1. All patients 
with AD met the NINCDS-Alzheimer'’s 
Disease-Related Disorder Association cri- 
teria for probable AD.” 





.075 (Fisher's Exact Test). 


Ophthalmologic Examination 


All patients with AD and controls had a 
visual acuity of 20/25 or better, no abnormal 
eye examination findings, intraocular pres- 
sure less than 19 mm Hg on two separate 
occasions, kinetic visual fields as deter- 
mined with the Goldmann perimeter (pa- 
tients with AD were not tested because of 
poor attention span), and no history of 
ocular trauma or surgery and/or usage of 
drugs or other neurotoxic agents known to 
cause optic atrophy. Only one control had a 
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family history of glaucoma. All patients had 
a refractive error of less than +3.0 
diopters. 


Nerve Fiber Layer Photography 


Nerve fiber layer photography was per- 
formed according to the technique de- 
scribed by Sommer et al.” We used a 
fundus camera (Topcon Instruments, Pa- 
ramus, NJ) with a power supply set at 150 
W seconds, a 560-nm short-pass cutoff filter 
(Ditric Optics Inc, Hudson, Mass), and ex- 
tremely fine-grain and high-resolution 
black-and-white film (Kodak Co, Rochester, 
NY). Contact prints were made on perlicula 
film (Kodak Co). 

The discs on nerve fiber layer photo- 
graphs of 26 patients with AD and 30 
controls were masked with blue ink, coded, 
and sent to The Wilmer Institute, Balti- 
more, Md, for reading. The reader 
(N.R.M.) was masked regarding diagnosis. 
The quality of the photographs was graded 
as “excellent,” “good,” “fair,” or “poor.” 
Findings were reported as “normal,” “focal 
loss,” “diffuse loss,” “normal vs diffuse 
loss,” or “cannot read.” 

Only photographs graded “fair” or better 
were analyzed. Photographs graded “focal 
loss” or “diffuse loss” were considered defi- 
nite nerve fiber loss, while all others were 
considered equivocal or no nerve fiber loss 
(Table 3). The ADAS scores and disease 
duration for patients with nerve fiber layer 
defects were compared with those of the 
other patients with use of the Mann-Whit- 
ney U test. 


Pallor Measurement and 
Statistical Analysis 


Photographs were taken with a Topcon 
camera with ASA 64 film and the power 
supply set at 36. Two clear photographs of 
each of 58 eyes from 30 patients with AD 
and 63 eyes from 32 controls (Table 2) were 
coded and sent to the New England Medical 
Center, Boston, Mass, for analysis. The 
reader (S.5.L.) was masked with respect to 
the diagnoses. The photographs were ana- 
lyzed with a computer (VAX 11/780, Digital 
Equipment Corp, Maynard, Mass) and 
boundary-tracking software capable of de- 
lineating the optic disc and area of pallor for 
the total dise and its four quadrants.” This 
method has excellent reproducibility with a 
5% coefficient of variation.” For 121 sets of 
duplicate photographs for the total disc, the 
mean percent coefficient of variation 
(SD/mean x 100) was 5.6% + 5.9% 
(mean+SD), with a median of 3.9% for 
pallor area-to-dise area (PA/DA) ratio. 

Each photograph was analyzed twice. 
Hence, each eye received four scores. 
These scores were averaged, and the mean 
was used as the final score. There was no 
significant difference of PA/DA ratios be- 
tween left and right eyes. Only the pallor 
readings of the right eye were included in 
statistical analyses. The Mann-Whitney U 
test was employed to compare the scores 
for statistical significance (Table 4). 

Spearman's correlation coefficient was 
used to correlate the PA/DA ratio with 
ADAS (cognitive, noncognitive, and total) 
scores and the known duration of AD (Table 
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5) The percentiles of the PA/DA ratios in 
controls and patients with AD were com- 
pared at the Ist, 2nd, 8rd, 4th, 5th, 10th, 
20th, 30th, 40th, 50th, 60th, 70th, 80th, 
90th, 95th, 96th, 97th, 98th, and 99th per- 
centile levels with use of the StatView 
512+ statistical package” (Fig 1). 

The patients with AD were divided into 
three groups based on the total PA/DA 
ratio. Group 1 included all patients with a 
PA/DA ratio of 0.2 or less; group 2, patients 
with a PA/DA ratio greater than 0.2 but 
less than 0.4; and group 3, patients with a 
PA/DA ratio of 0.4 or greater but less than 
0.6. We compared the ADAS (noncognitive, 
cognitive, and total) scores and the duration 
of AD among these three groups with use of 
the Kruskal-Wallis test (Table 6). 


Topographic Measurement 
of the Optic Nerve Head 


‘~The technical details of the Rodenstock 
-optie dise analyzer (RODA; Rodenstock In- 
strumente GMBH, Munich, Federal Repub- 
lic of Germany) have been previously 
described," as have its reliability, repro- 
ducibility, and correlation with clinical mea- 
surements." Axial lengths were record- 
ed via A-scan ultrasonography (Sonomed 
Ine, Lake Success, NY). The reading was 





used in the magnification correction of the 
RODA measurement. The accuracy of this 
correction method has been demonstrated 
on a model eye” and enucleated glaucoma- 
tous monkey eyes.” 

Twenty-six patients with AD and 36 con- 
trols were included in this part of the study 
(Table 2). Seven other patients with AD 
were excluded due to their inability to 
cooperate in the RODA data collection. 
Only one eye of each patient was used in the 
analysis. In six patients with AD, only the 
right eye was photographed because of poor 
ability to concentrate. Hence, we used the 
right eye only. With the help of a projected 
stereo pair of fundus photographs, three 
masked experienced operators marked the 
dise margin separately at different times. 
The data were analyzed and compared by 
an analysis of variance model with repeated 
measurements between the masked opera- 
tors.”"" The model took three factors into 
consideration: diagnosis, patient, and oper- 
ator. The patient factor is nested within the 
diagnosis factor. The analysis was repeated 
for each of five variables (cup-to-disc ratio, 
rim area, disc area, cup volume, and rim 
area-to-disc area ratio). The intraclass cor- 
relation coefficients (Table 7) indicate that. 
reliability is excellent and that the differ- 


Mean + SD 


areenan anmenn, 
Alzheimer's 





Disease 


Controls 





No. of eyes 


30 32 





Superior 


0.236 


Ł 0.157 0.224 + 0.108 





inferior 


0.334 


+ 0.130 0.320 + 0.153 





Nasal 


0.195 


+ 0.126 0.193 + 0.103 





Temporal 


0.198 


+ 0.127 0.191 + 0.120 





Total pallor area-to-disc area ratio 
* Mann-Whitney U test. 


Noncognitive 
Function 


PA/DA 
Ratio 


0.240 





+ 0.125 0.230 + 0.090 





Cognitive 
Function 


ences among the operators are of a much 
smaller magnitude than the variability 
among patients. 

Because the RODA data included both 
ratio and nonratio data, the Mann-Whitney 
U test was used to compare the differences 
of dise variable between control subjects 
and patients with AD. To avoid a possible 
sampling error due to the relatively small 
sampling size (26 patients), Spearman's cor- 
relation coefficent analysis“ was applied 
to correlate the RODA data obtained by 
one observer (R.R.) and the ADAS scores. 


RESULTS 
Retinal Photographs 


Photographs were graded as “fair” 
or better for 22 of 26 patients with AD 
and for 24 of 30 controls (Table 3). 





Total Pallor Area to Disc Area Ratio in NL 





02 03 04 #05 06 
Total Pallor Area to Disc Area Ratio in AD 


Fig 1.—Percentile comparison graph. Total 
pallor area—to—disc area (PA/DA) ratio of nor- 
mal subjects (NL) compared with PA/DA ratio 
of patients of Alzheimer's disease (AD) at ist 
to 5th, 10th, 20th, 30th, 40th, 50th, 60th, 70th, 
80th, 90th, and 95th to 99th percentile levels. 


0.1 


Total ADAS 
Scores 


Duration, y 





Superior 





Inferior 





Nasal 





Temporal 








Total 


Total PA/DA 
Ratio 


Noncognitive 
Function 


Cognitive 
Function 





Total ADAS 


Scores Duration, y 





PA/DA < 0.2 (n = 13°) 10.2 


7.5 (3.0-24.0) 


14.7 + 8.0 (4.0-30.0) 


19.1 (13.4-72.7) 3.4 + 2.9 (0.7-11.0) 





0.2 < PA/DA < 0.4 (n = 12) 11.8 


8.0 (4.0-27.0) 


20.7 + 13.3 (3.0-44.0) 


+ 
a 


24.8 (11.5-86.7) 4.1 + 2.6 (0.7-9.0) 





0.4 <= PA/DA < 0.6 (n = 5) 15.2 


-© 9.4 (6.0-29.0) 





Pt > 


26.9 + 9.6 (17.0-41.0) 


17.9 (32.0-76.3) 5.7 + 1.9 (4.0-9.0) 





05 < P<. 





05 <P <i 





*Values are mean + SD (range). One of 13 patients had only cognitive function score available. ADAS indicates Alzheimer’s Disease Assessment Scale. 
~-{ Kruskal-Wallis test (one-way analysis of variance with rank) of the three patient groups with a PA/DA ratio of 0.2 or less, greater than 0.2 but less than 0.4, and 0.4 


or greater but less than 0.6. 
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Fig 2.—The duration of Alzheimer’s disease (AD) vs superior pallor area—to—disc area ratio. 


Disc Cup-to-Disc 
Variables Ratio 


intraclass correlation 951 








Area 


Disc Cup Rim A-to- 
Area Volume Disc A Ratio 
.890 833 .870 





* RODA indicates Rodenstock optic disc analyzer (Rodenstock Instrumente GMBH, Munich, Federal Republic 


of Germany). 


Mean + SD 


eee aem aae e r 


Controls 





Patients (No. of eyes) 





36 





Cup-to-disc ratio 


0.397 + 0.144 





Rim area, mm? 


1.226 + 0.310 





Disc area, mm? 


1.711 + 0.408 





Cup volume, mm? 


0.300 + 0.224 





Rim area-to-disc area ratio 


“Mann-Whitney U test. 





0.726 + 0.116 


tP = 013 for 25 eyes (of 25 patients with AD), excluding the “outlier” and P < .01 for 26 eyes (of 26 pa- 


tients) including the outlier. 


Among the 22 patients with AD, five 
received ratings of “local loss” or “dif- 
fuse loss” for at least one eye, while 
only one control received “diffuse loss” 
in one eye (Fishers Exact Test, 
P=.075; Table 3). The ADAS scores 
and AD durations were not significant- 
~ ly different between the five patients 
with AD who had nerve fiber loss and 
the 17 patients with AD who did not 
-have nerve fiber loss (total ADAS 
scores [mean + SD]: with loss vs with- 
out loss, 49.0 + 22.1 vs 40.3 +20.0; AD 
duration: with loss vs without loss, 
3.5+1L1 vs 4.6+2.9 years; P>.1 for 
both). 


Pallor 


There were no significant differ- 
ences of superior, inferior, nasal, tem- 
poral, and total PA/DA ratios between 
patients and controls (Table 4), How- 
ever, the control group demonstrated 


a lower PA/DA ratio than did patients 
at the 90th percentiles and greater in 
all four sectors and in total (Fig D. 
There was a significant correlation be- 
tween the PA/DA ratio of the superior 
sector and the duration of AD (Table 5 
and Fig 2). There were also trends 
between the three ranges of the 
PA/DA ratio and the mean ADAS 
(cognitive, noneognitive, and total 
scores and the mean duration of AD 
(Table 6). Analysis of variance results 
(Kruskal-Wallis test) were nearly sig- 
nificant for cognitive function score 
and the duration of AD (.05<P<.1 for 
both), whereas it was not significant 
for noncognitive function and total 
ADAS scores (P>.1 for both, Table 6). 


RODA Data 


The analysis of variance indicated a 
high group reliability (Table 7). There 
were significant differences in eup-to- 
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disc ratio, rim area, cup volume, and 
rim area—to—dise area ratio but not in 
disc area (Table 8). The rim area, 
which is related to dise area, correlat- 
ed only with noncognitive function. 
However, cup-to-dise ratio, cup vol- 
ume, and rim area-to-dise area ratio 
correlated with ADAS (cognitive, non- 
cognitive, and total) scores as well as 
the duration of AD (Table 9). There 
appears to be an “outlier with high cup 
volume”; however, results of the sta- 
tistical analyses repeated without the 
“outlier” were similar to those ob- 
tained with it (Tables 8 and 9). Be- 
cause nonparametric methods were 
utilized, the results were insensitive to 
an outlying observation. 


COMMENT 


Both visual cortex and optic nerve 
may be damaged in AD. Neurofibril- 
lary tangles and neuritic plaques have 
been found in the primary visual cor- 
tex, visual association cortex, and 
high-order visual association cortex.’ 
Degeneration of the primary visual 
cortex, extrastriate visual cortex, and 
optic radiations were reported.” Co- 
gan” attributed agnosia, alexia, and 
poor visual acuity in three patients 
with AD to a parietal cortical 
abnormality. 

In the eye, the number of ganglion 
cells and nerve fiber layer thickness 
are reduced.” Axonal depletion (15% to 
80%) greatly exceeds that in age- 
matched controls.’” Gliosis is present 
in the optic nerve’ and ganglion cell 
layer.” There may be a selective loss 
of large optic nerve fibers.” The oph- 
thalmologic disturbances" and the loss 
of axons” have been correlated with 
AD severity. 

Five of our patients with AD and 
one control had a nerve fiber bundle 
defect. Although there is an age-relat- 
ed decline in optic nerve fibers,” our 
results tend to support greater-than- 
normal retinal ganglion cell degenera- 
tion and nerve fiber thinning in AD. 
However, the visibility of the nerve 
fiber layer may be poor, particularly in 
the elderly and in those with pale 
fundi.” With use of a technique unaf- 
fected by media opacities, Hedges and 
Barbas” observed substantial nerve fi- 
ber loss in patients with AD compared 
with age-matched controls. 

Dise pallor has been attributed to 
small-vessel dropout with or without 
associated gliosis.” Decreased anteri- 
or optic nerve blood flow and de- 
creased caliber of branches of the cen- 
tral retinal artery have been reported 
in patients with neurogenic optic atro- 
phy.” Clinically apparent disc pallor 
has been reported in AD.” 
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Gup-to-dise ratio 





Rim area 





Disc area 





Cup volumet 





Cup volumet 





Rim A-to-disc A ratio 





* Spearman correlation coefficient analysis was used. ADAS indicates Alzheimer's Disease Assessment Scale. 
tincluding the “outlier” (26 eyes of 26 patients with Alzheimer's disease). 
Excluding the outlier (25 eyes of 25 patients with Alzheimer's disease). 


We did not demonstrate a significant 
difference in PA/DA ratios between 


patients and controls. However, five 
“patients with a PA/DA ratio of 0.4 or 


greater had both greater mean cogni- 
tive function defects and longer mean 
duration of AD (Table 6 and Fig 2). 
The PA/DA ratio in the superior sector 
of the disc correlated with the duration 
of AD (Table 5). This correlation might 
be due to chance alone or might indi- 
cate that the greatest change is in the 
superior quadrant. Our patients had 
mild AD; AD might be associated with 
greater pallor (PA/DA). 

Although cupping and thinning of 
the disc rim in neurogenic optic atro- 
phy are not as prominent as in glauco- 
ma, they do occur” and may be misdi- 
agnosed as glaucomatous.” Thinning of 
the rim was found to be less specific for 
glaucoma than was focal or diffuse 
obliteration of the rim.“ Sadun et al” 
observed cupping as well as pallor in 
some patients with AD. 

We found thinning of the disc rim, 
increased cup volume, and increased 
eup-te-disc ratio in AD. In normal 
eyes, disc rim area increases with disc 
area.” However, there was consider- 
able overlap of the range of optic nerve 
head variables between controls and 
patients with AD. 

Both glaucoma and AD may selec- 
tively affect large ganglion cells, "59" 
However, thinning of the rim in AD 
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may not be as marked as in glaucoma 
when there is comparable reduction in 
axon count. Elevated intraocular pres- 
sure may compact the remaining axons 
and displace the lamina cribrosa poste- 
riorly. In AD, there may be merely a 
decrease of axons.” 

Indirect evidence shows that retro- 
grade degeneration originates at the 
optic tract or cortical level in AD.“ 
Retinal nerve fiber layer degeneration 
and changes in optic nerve head vari- 
ables in AD might possibly reflect both 
an antegrade degeneration secondary 
to retinal ganglion cell degeneration 
and a retrograde degeneration origi- 
nating at the optie tract or cortical 
level. Kiyosawa et al* recently de- 
scribed decreased glucose metabolism 
as determined by positron emission 
tomography in the visual association 
cortex and inferior parietal cortex of 
patients with AD who have visual 
symptoms compared with those with- 
out visual symptoms. It is possible that 
subgroups exist with respect to optic 
nerve head involvement. 

The greater cup-to-dise ratio and the 
PA/DA ratio in the patients with more 
severe AD suggest that the manifesta- 
tions of AD at the optic nerve head 
differ from those of glaucoma, despite 
a primary loss of axons in both dis- 
eases. The most consistent explanation 
of these findings is that in AD, axonal 
dropout precedes small-vessel loss. It 
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Falls in Elderly Patients With Glaucoma 


Robert J. Glynn, ScD; Johanna M. Seddon, MD; Joseph H. Krug, Jr, MD; 
Christine R. Sahagian, MS; Mary E. Chiavelli, RN; Edward W. Campion, MD 


e We analyzed the determinants of se- 
rious falis among 489 ambulatory elders 
aged 65 years and older who received a 
comprehensive examination at a glauco- 
ma consultation service. For the previ- 
ous year, at least one fall requiring medi- 
cal attention or restricted activity was 
reported by 9.6% (95% confidence inter- 
val [Cl], 7.0% to 12.2%) of participants. 
Using logistic regression to adjust for 
potential confounding variables, the 
greatest single risk factor for falls was 
the use of nonmiotic topical eye medica- 
tions (odds ratio [OR], 5.4; 95% Ci, 1.8 to 
16.4). Additional risk factors for falls 
were female sex (OR, 2.3; 95% Cl, 1.1 to 
4.7) and use of cardiac medications (OR, 
2.5;.95% Cl, 1.1 to 5.6). Three other char- 
acteristics were also associated with the 
risk of falls: use of miotic eye medica- 
tions (OR, 3.2; 95% Cl, 1.0 to 10.1); visual 
field impairment of 40% or greater (OR, 
3.0; 95% Cl, 0.94 to 9.8); and use of 
sedatives (OR, 2.4; 95% Cl, 0.89 to 6.7). 
These findings suggest that ocular and 
systemic medications are the major pre- 
dictors of fails even in this elderly popu- 
lation seeking ophthalmologic care for 
glaucoma. Medications appear to pose a 
‘greater risk for falls than even major 
visual impairment. 

(Arch Ophthaimol. 1991 ;109:205-210) 


alls have come to be recognized as a 
major threat. to the health and inde- 
pendence of elderly persons.” The 
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dangers of falling are particularly real 
for the estimated 22% of all elderly 
Americans who have visual impair- 
ment.” Visual deficits are considered 
to be important determinants of the 
risk of falls in the elderly,” although 
the degree to which specifie deficits 
are responsible for the falls remains 
poorly understood. In the Framing- 
ham Study, among those with moder- 
ately impaired visual acuity, the risk of 
hip fracture was increased by 50%; 
those with poor visual acuity had a 
120% increase in the risk of hip frac- 
ture, compared with those with no 
visual acuity impairment.’ In the pro- 
spective study of falls by Tinetti and 
colleagues,” elderly persons with im- 
paired near vision had a 1.7-fold in- 
creased risk of a fall compared with 
those with little or no near-vision im- 
pairment, and those with impaired dis- 
tance vision had a 1.4-fold increased 
risk of a fall. Nevitt and colleagues’ 
similarly found a deficit in distance 
visual acuity to be associated with a 
1.5-fold increased risk of recurrent 
falls during a 1-year follow-up. Howev- 
er, when other risk factors were con- 
sidered simultaneously, neither of 
these latter two studies found impair- 
ment in visual acuity to be significantly 
related to the risk of a fall. To our 
knoweldge, no previous study of falls 
in the elderly has considered that de- 
tailed examination of visual field may 
identify deficits that are more impor- 
tant predictors of falls than impair- 
ment in visual acuity. 

Glaucoma affects 2% of Americans 
aged 35 years and older“ and is the 
leading cause of blindness in this coun- 
try.” At a glaucoma consultation ser- 
vice, we systematically evaluated all 
elderly patients. This report describes 
the relationship of specific visual defi- 
cits to the risk of falls in these patients 


and analyzes visual deficits in the con- 
text of other known risk factors. We 
expected to find, as have others, that 
the use of medications is strongly asso- 
ciated with falls. What we did not 
anticipate were the apparent dangers 
of a class of medications often over- 
looked by physicians: topical eye 
medications. 
SUBJECTS AND METHODS 
Population 


Eligible subjects for this study were pa- 
tients with glaucoma and patients suspect- 
ed of having glaucoma all aged 65 years or 
older who were seen in the Glaucoma Con- 
sultation Service of the Massachusetts Eye 
and Ear Infirmary, Boston, between No- 
vember 1, 1987 and October 31, 1988. The 
original design required that. patients have 
automated perimetry performed using pro- 
gram 32 on the Octopus perimeter (Inter- 
zeag AG, Schlieren, Switzerland) or pro- 
gram 30-2 on the Humphrey perimeter 
(Allergan Humphrey, San Leandro, Calif}, 
Because some of the more visually impaired 
elders continued to be followed up by Gold- 
mann perimetry, these patients were also 
eligible. Additional eligibility criteria were 
ability to speak and understand English and 
adequate hearing to complete a telephone 
interview, The study was approved by the 
Human Studies Committee of the Massa- 
chusetts Eye and Ear Infirmary, and all 
participants signed an informed consent. 
Twenty-seven patients aged 65 years or 
older were ineligible, with 18 of these exclu- 
sions due to a language barrier. 

During the year of subject recruitment, 
565 consecutive eligible subjects were seen, 
of whom 509 agreed to be interviewed later 
and 489 were actually interviewed (86.5% of 
the eligible subjects). Participants ranged 
in age from 65 to 93 years, with a mean age 
of 74 years. Seventy percent had a definite 
diagnosis of glaucoma; the remaining pa- 
tients were suspected of having glaucoma 
and were under the care of the Glaucoma 
Consultation Service, usually because of 
ocular findings suggestive of glaucoma 
and/or strong family histories of glaucoma. 
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Glaucoma Examination 


Ocular measures were derived from the 
standard assessments at routine glaucoma 
examinations. Distance visual acuity using 
regular spectacles was assessed with and 
without pinhole; the better of the two mea- 
sures in each eye was recorded as the 
Snellen acuity for that eye. A standard 
approach was used to obtain a measure of 
percentage impairment in central vision.” 
Briefly, distance acuity in each eve sepa- 
rately was transformed to a percentage loss 
in each eye. Since a better eye compensates 
for a weak fellow eye, overall percentage 
impairment weighted the better eye three 
times the poorer eye. 

At each glaucoma examination, the exam- 
ining physician detailed all current medica- 
tions for both ocular and other diseases. 
Medications were coded into major catego- 
ries as follows: any topical eye medication 
and the specific use of miotics; sedatives, 
including benzodiazepines, phenothiazines, 
and antidepressants; blood pressure medi- 
cations, including diuretics, calcium channel 
blockers, B-blockers, and other antihyper- 
tensive medications; cardiac medications, 
including nitrates, digitalis, and antiarr- 
hythmics; and medications for diabetes. The 
examining physician also noted the phakic 
status in each eye, and this was coded for 
each patient. 

Of the 978 eyes in study patients, 85% 
were evaluated by automated perimetry 
(using Octopus or Humphrey perimeters) 
and 12% by Goldmann perimetry; 3% of 
eyes had inadequate vision for field assess- 
ment. Each study participant had adequate 
vision for perimetry in at least one eye. The 
primary measure of visual field in an eye 
assessed by automated perimetry was the 
average threshold in the central 30° for that 
eye divided by the normal average value for 
a 65-year-old, then multiplied by 100 to 
convert to a percentage of normal. For eyes 
tested by Goldmann perimetry, approxi- 
mate static perimetry values at each of 36 
prespecified points within the central 30° 
were determined using an adaptation of the 
approach described by Anderson et al.” 
The percentage of normal for these eyes 
was the average value over these 36 points 
divided by the normal value for a 65-year- 
old, then multiplied by 100. Normal values 
for Humphrey and Octopus perimeters 
were the referent normal values routinely 
printed out when automated perimetry is 
performed on a 65-year-old. The normal 
value used for Goldmann perimetry was the 
average of the normal values for Humphrey 
and Octopus perimetry. Eyes with inade- 
quate vision for field assessment were 
assigned a value of 0 for percentage of 
normal field. Determination of percentage 
of normal field for a subject followed the 
principle described above’: overall percent- 
age of normal field weighted the better eve 
three times the poorer eye. 


Structured interview 


Soon after their glaucoma examination, 
participants were interviewed by telephone 
regarding falls suffered in the past year, 
the causes and consequences of these falls, 


% {No.) Reporting at least 


Event 


One Event in Preceding Year 


95% Confidence 
interval, % 





Fall requiring medical attention 
or restricted activity 


9.6 (47) 7.0-12.2 





Received medica! attention 
owing to fall 


7.8 (38) 5.4-10.4 





Broken bones owing to fall 


2.0 (10) 0.8-3.3 





Hospitalized overnight 
owing to fall 


and other characteristics that might be 
related to falls. The median time frem glau- 
coma examination to interview was $ days; 
90% of participants were interviewed with- 
in 35 days of their examination. 

Participants gave the number of falls 
during the past year that required medical 
attention or caused restriction in activities. 
For each such fall, patients described how 
they fell, activities at the time of the fall, 
and where they fell. Consequences of each 
fall were also elicited, including details on 
medical attention, hospitalization, frac- 
tures, and soft-tissue injuries. 

Following a previously proposed defini- 
tion of falls,” we excluded any fall that was 
the result of a major intrinsie event (eg, 
stroke or syncope) or was attributable to an 
overwhelming hazard (considered to be an 
event that would cause a fall in æ young, 
healthy person). Four reported falle requir- 
ing medical attention were excluded, three 
because of preceding syncope and one re- 
sulting from a broken ski in a skiing acci- 
dent. Exclusions were made by a review of 
the descriptions of falls that was masked as 
to risk factors. 

Other characteristics assessed in the tele- 
phone interview included cognitive status, 
quantity and frequency of alcohol consump- 
tion, and current cigarette smoking. Be- 
cause impaired cognitive status is a known 
risk factor for falls in the elderly,” the 
interview contained the 11 questions com- 
posing the Telephone Interview for Cogni- 
tive Status." A summary score indexing 
cognitive status was derived for each par- 
ticipant according to the standardized pro- 
cedure for this instrument, and participants 
were considered to be normal if ther scored 
in the defined normal range (score, >31). 
Participants reported the number of days in 
the past month on which they consumed 
more than six alcoholic drinks, five or six 
drinks, three or four drinks, one or two 
drinks, and no drinks at all (12 oz of beer, 4 
oz of wine, or 1.5 oz of distilled spirts were 
each considered equivalent to a single 
drink}, Consumption of three or mare alco- 
holie drinks on at least 1 day during the past 
month was considered as an indieator of 
drinking that might potentially increase the 
risk of falling in an elder. 











Statistical Analysis 


Systemie and behavioral characzeristics 
potentially related to falls were entered into 
a logistic regression model taking as an 
outcome variable an indicator of one or 
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1,0 (5) 0.1-1.9 


more falls that required medical attention 
or restricted activity during the past year. 
Characteristics considered were age, sex, 
cognitive status, alcohol consumption, and 
indicators of the use of sedatives, blood 
pressure medications, cardiac medications, 
and medications for diabetes. Among these 
characteristics, those displaying little rela- 
tionship with falls in this population were 
deleted from consideration, and another 
logistic regression model was fitted to eval- 
uate the relationship of visual factors with 
falls, adjusting for other predictors. Mea- 
sures of percentage impairment in distance 
visual acuity and percentage of normal visu- 
al field were not entered as continuous 
variables in logistic regression models be- 
cause there was little prior evidence re- 
garding functional form. Rather, each visu- 
al measure was categorized with cut points 
chosen based on their distributions without 
consideration of the distribution of falls. 
For example, the cut points of 5% and 25% 
loss in visual acuity were chosen because 
there were substantial numbers of subjects 
in each of the subgroups defined by these 
cut points and because they correspond to 
clinically significant Snellen visual acuities 
of 20/25 and 20/50, respectively. Other mea- 
sures of vision considered as predictors of 
falls were indicators of aphakia, use of 
miotie eye medication, and use of nonmiotic 
topical eye medication. Coefficients of logis- 
tie regression models were interpreted as 
odds ratios (ORs) for falls.” 


RESULTS 
Description of Falls 


Fifty falls meeting the study defini- 
tion were reported by 47 subjects (Ta- 
ble 1). As a result of falls, 10 subjects 
suffered 11 fractures (most. commonly 
of the wrist or ankle). Five subjects 
were hospitalized for between 2 and 14 
days. Two participants had eye inju- 
ries requiring medical attention as a 
result of falls; neither required 
hospitalization. 

Following a classification system 
proposed by Tinetti and colleagues,’ 
we classified activities at the time of 
falls according to the level of displace- 
ment of the subjects center of gravity 
at the time of the fall (Table 2). The 
majority of falls (62%) occurred while 
subjects were performing ordinary ac- 
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Activity 


No. During 


Daylight 





Mildly displacing (eg, walking, standing) 








‘Moderately displacing (eg, bending, 
climbing, or descending stairs) 





Markedly displacing (eg, sports, running, 
climbing ladder) 





* Classified according to the degree of displacement of the subject's center of gravity. 


Characteristic 


95% 
Confidence 
Interval 





Age, y 
65-74 





7§-93 


0.68-2.0 





- Sex 
M 





F 


1.0-3.7 





Telephone Interview of Cognitive 
Status Score 
=31 





<31 


0.89-2.7 





23 alcoholic drinks in a day 
during past mo 
od 





Zid 


0.26-1.8 





Hypertensive medication 
No 





Yes 


0.64-1.9 





Medication for diabetes 
No 





Yes 


0.27-2.6 





Sedative use 
No 





Yes 34 


1.1-4.8 





Cardiac medication 
No 422 





Yes 67 


1.0-3.6 





Impairment in central vision, % loss 
<5 119 





§-24.9 297 


0.75-3.1 





225 73 


0.23-2.3 





impairment in visual field, % loss 
<5 





§-19.9 


0.79-3.5 





20-39.9 88 


0.76-4.1 





240 77 


0.77-4.3 





Topical eye medications 
None 120 





Topical medications 
other than miotics 181 





Topical medications 
including mictics 188 





“No: of aphakic /pseudophakic eyes 
396t 





51 





41 
* Referent group. 





tNumbers do not add to 489 because of missing data. 


tivities of daily living that involved 
little displacement of their center of 
gravity. A specific obstruction or haz- 
ard (such as ice, a hole, or a rug) was 
implicated in slightly over half (64%) of 
the. falls that occurred during mild 
displacement. Thirty-two percent of 
-falls occurred during moderate dis- 
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placement, most commonly (n=7) 
while climbing or descending stairs. 
Only 16% of falls occurred while sub- 
jects were engaged in markedly dis- 
placing activities such as running—for 
exercise or rushing (n=3)—or climb- 
ing a ladder or stool (n= 2). Forty-four 
percent of falls occurred in or around 


the home; most of the others occurred 
in non—-work-related activities around 
the community or at friends’ or rela- 
tives’ houses. Thus, the great majority 
of falls occurred during everyday ac- 
tivities in familiar locations. 
Determinants of Falls 

Characteristics considered as poten- 
tial predictors of falls, their distribu- 
tions, and crude relationships with 
falls are displayed in Table 3. Initial 
multivariate evaluation of determi- 
nants of falls considered the demo- 
graphic, behavioral, and medical char- 
acteristics displayed in Table 4. This 
analysis was based on 470 subjects who 
responded completely to the telephone 
survey (46 of whom reported a fall 
requiring medical attention). Although 
only use of cardiac medications had a 
statistically significant (P<.05) rela- 
tionship to the likelihood of reporting a 
fall, two other characteristics, female 
sex and use of sedatives, were also 
associated with estimated ORs for falls 
of 2.0 or greater (.05<P<.10). These 
three characteristics, along with age, 
were retained for inclusion in a subse- 
quent model that examined the rela- 
tionship of visual characteristics to 
falls. 

When measures of visual impair- 
ment were also considered as predic- 
tors of falls (Table 5), elders who were 
using nonmiotic topical eye medica- 
tions were estimated to have more 
than five times the odds of a fall, 
compared with study participants not 
using these medications (P= .0031). 
Two other visual characteristics ap- 
peared to be associated with increased 
odds of a fall: those taking miotic topi- 
cal eye medications had an estimated 
odds of a fall over three times that. of 
subjects using no topical eye medica- 
tions (P= .051), and those with a 40% 
or greater loss in visual field were 
estimated to have three times the odds 
of a fall compared with those with less 
than 5% loss in visual field (P = .064). 
The estimated odds of a fall for use of 
any topical eye medication was 4.3 
times the odds for use of no topical eye 
medication (95% confidence interval 
[CI], 1.5 to 12.7). 

The relationship of overall distance 
visual acuity with the odds of a fall in 
this population was not linear, as there 
was a slightly elevated odds of a fall 
among those with moderately impaired 
distance vision (6% to 24.9% loss, cor- 
responding to Snellen visual acuity of 
20/25 to 20/40), and a greatly reduced 
estimated odds of a fall associated with 
the most severely impaired central vi- 
sion (225% loss, corresponding to 
Snellen visual acuity of 20/50 or 
worse), as compared with elders with 
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Characteristic 





Estimated 
Odds Ratio 


95% Confidence Interval 





Sedativest 


2.5 0.98-6.4 





Cardiac medicationt 


2.2 1.0-4.9 





Female sext 


2.0 0.96-4.0 





Older age§ 


0.90 0.50- £6 





Higher score on Telephone Interview for 
Cognitive Statusi} 


0.89 0.61-4.3 





Biood pressure medicationt 





0.83 0.43-£6 








223 alcoholic drinks per day at least 
once a month? 


0.80 0.26-2.5 





Medication for diabetest 


* Based on multiple logistic regression; 470 participants with complete data on all included characteristics. 


tRelative to participants not using this medication. 
Relative to men. 
§Relative to participants 10 years younger. 


0.75 0.22-2.6 





[Relative to participants five points lower on the Telephone Interview for Cognitive Status. 


Relative to participants not drinking this much. 





\dergoing Glaucoma Evaluatio 


Characteristic 


Estimated 


Odds Ratio 95% Confidence Interval 





Use of topical eye medications not including 
mioticst 


5.4 1.8-15.4 





Use of topical eye medications including 
mioticst 


3.2 1.0-19.4 





= 40% loss in visual field 


3.0 0.94-8.8 





5%- 19.9% foss in visual field 


1.9 0.80-4.7 





20%-39.9% loss in visual field 


1.7 0.60-5.1 





One aphakic or pseudophakic eye§ 


1.4 0.53-3.7 





5%-24.9% loss in distance vision|| 


1.2 0.48-2.8 





Two aphakic or pseudophakic eyes§ 


0.19-2.5 





225% loss in distance vision] 


* Based on multiple logistic regression controlling for age, sex, sedative use, and use of cardiac medications: 


0.073-1.4 





487 participants with complete data on all included characteristics. 


tRelative to use of no topical eye medications. 
Relative to less than 5% loss in visual field. 
§Relative to two phakic eyes. 

{Relative to less than 5% loss in distance vision. 


less than 5% loss in central vision. 
However, these differences were not 
statistically significant. Compared 
with elders with less than 5% loss in 
visual field, subjects in each of three 
groups with impaired visual fields 
were estimated to have elevated odds 
of a fall. However, a test of trend for 
increasing odds of a fall with greater 
field impairment was not statistically 
significant (P= .10). 

In the multivariate model that in- 
cluded visual characteristics (summa- 
rized in Table 5), elevations in the 
estimated odds of a fall remained for 
women, users of cardiac medications, 
and users of sedatives. Women had an 
estimated odds of a fall 2.3 times the 
odds for men (95% CI, 1.1 to 4.7); 
users of cardiac medications had an 
estimated odds of a fall 2.5 times the 
odds in nonusers (95% CI, 1.1 to 5.6); 


and users of sedatives had an estimat- 
ed odds of a fall 2.4 times the odds in 
nonusers (95% CI, 0.89 to 6.7). 


COMMENT 


In this study of 487 elderly patients 
followed for glaucoma, use of certain 
ocular and systemic medications 
emerged as the strongest risk factors 
for falls. Use of topical eye medica- 
tions, not including miotics. was asso- 
ciated with a greater than fivefold 
increase in the odds of a fall. Elders 
using cardiac medications, compared 
with those not using these medica- 
tions, were estimated to have 2.5 times 
the odds of a fall, although it is quite 
possible that the underlying cardiac 
conditions were the true cause in these 
patients.” Large estimated ORs were 
also associated with use of miotic eye 
medications and use of sedatives, al- 
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though these estimates had greater 
variability. 

A challenge in evaluating potential 
side effects of medications is to distin- 
guish risks associated with the medica- 
tion from risks associated with the 
underlying disease. Previous research 
suggests that certain psychotropic 
drugs (eg, long-half-life benzodiaze- 
pines) have an effect on the risk of falls 
in the elderly independent of the disor- 
der requiring treatment. ™™" In the cur- 
rent study, the association of topical 
eye medications with the risk of falls 
remained strong after adjusting for the 
detailed measures of visual impair- 
ment. Thus, the present data support 
the hypothesis of an independent effect 
of topical eye medication on the risk of 
falls in the elderly. Systemic side ef- 
fects from topical glaucoma medica- 
tions include hypotension, bradyear- 
dia, and even syncope.” The finding of 
a greater effect of nonmiotics com- 
pared with miotics on falls suggests 
that these systemic effects of ocular 
medications may contribute more than 
the ocular effects such as constriction 
of the pupil (miosis) to factors that lead 
to falling. Ninety percent of partici- 
pants in this study who were using 
nonmiotic topical eye medications were 
using topical B-blockers. Compared 
with the 3.3% of participants taking no 
topical eye medications who suffered 
an injurious fall, 10.5% of participants 
using topical 8-blockers had an injuri- 
ous fall during the preceding year. 
This is yet another example of the 
exquisite sensitivity of elderly persons 
to side effects from medications that 
clinicians mistakenly believe to be be- 
nign. ”™” 

Previous studies have not quantified 
the relationship of deficits in visual 
fields to falls, although objectively 
measured deficits in visual fields have 
been linked with an increased risk of 
automobile accidents.” It is unclear 
whether the declines in visual fields 
associated with normal aging” contrib- 
ute to the increasing rates of falls with 
age. The current study was based on 
assessment of visual field deficits by a 
specialist’s detailed examination of the 
central 30° of the field of vision. It 
could be argued that assessment of the 
peripheral field would be a better dis- 
criminator. However, a strong correla- 
tion of decreased threshold in the pe- 
ripheral visual field with decreased 
threshold within’ the central 30° has 
been demonstrated.” 

In our study, elders with 25% or 
greater impairment in central visual 
acuity had an estimated odds of a fall, 
adjusting for other risk factors, about 
one third the odds of those with little 
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or no impairment in central visual acu- 
ity. Most likely, elders with the most 
severe impairments in central visual 
acuity compensate with extreme cau- 
tion or by cutting back on activities. 


However, the 95% CI for this reduced 


odds was still consistent with a slightly 
elevated odds for falls in this impaired 
group. 

Of four previous studies of falls that 
ineluded objective measures of visual 
acuity, three™ reported no significant 
effect of acuity in multivariate models, 
whereas the fourth’ found that deficits 
in central vision were strongly related 
to the prospective risk of hip fracture 
in. Framingham. There are some im- 
¿portant differences between the cur- 
rent. report and the Framingham 

“Study, including consideration of dif- 
ferent outcomes, control for different 
determinants, and a very different mix 
of ocular diseases. The rate of hip 
fracture in the small subgroup of Fra- 
mingham Study participants with glau- 
coma was comparable with the rate 
among those without glaucoma. 

We explored the sensitivity of re- 
sults to our approach to quantification 
of deficits in visual acuity. We recoded 
visual acuity according to the approach 
used by Felson and colleagues’ and 
refitted the logistic regression model 
summarized in Table 5. These authors 
classified deficits in visual acuity into 
three groups according to the acuity in 
the worse eye. In this alternative anal- 
ysis, the estimated odds of a fall associ- 
ated with a 40% or greater loss in 
visual field, compared with less than 
5% loss of visual field, was larger (OR, 
3.9) than the estimate reported in Ta- 
ble 5 and attained statistical signifi- 
cance (P= .024), whereas the estimat- 
ed lower odds of a fall associated with 
poor acuity decreased to 0.14 times the 
odds among those with little or no 
impairment in acuity (P=.012). Thus, 
this alternative analysis provided 
stronger evidence for the greater im- 
portance of impairment in visual field 

~ asa risk factor for falls, compared with 
impairment in acuity. 

It may be argued that it is how 
subjects are currently seeing, as op- 
posed to how they are able to see, that 
is most important for quantifying the 
visual component of the risk of falls. 
For this reason, we redefined the indi- 
eators for deficits in visual acuity after 
measuring percentage loss in visual 
acuity on the basis of entering vision 
without consideration of pinhole acu- 
ity. We also distinguished aphakia 
with correction by intraocular lens 
from other aphakia. In an alternative 
-logistie regression model including 
these other measures of acuity and 
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phakic status, in addition to the other 
variables included in the model sum- 
marized in Table 5, results were essen- 
tially unchanged. Use of nonmiotic 
topical eye medications remained the 
dominant risk factor for falls. Vision, 
number of pseudophakic eyes, and 
number of other aphakic eyes were 
each not significantly related to the 
risk of falls. 

The potential limitations of this 
study include reliance on recall of falls, 
nonparticipation possibly associated 
with serious injury in the preceding 
year, measurement error of predictor 
variables, and unmeasured yet poten- 
tially important confounding variables. 
Two features of this study should limit 
problems of recall: first, subjects had 
to recall only consequential falls (re- 
quiring medical attention or restricted 
activity), which are presumably more 
easily remembered; second, all partici- 
pants in this study were able to com- 
plete a cognitively challenging visual 
field test, and, on the Telephone Inter- 
view for Cognitive Status, scores for 
this study group were far above the 
mean level for patients with Alz- 
heimer’s disease. Thus, recall prob- 
lems due to cognitive impairment 
should be low in this population. 

For methodologic reasons, the esti- 
mated 9.6% of elders attending the 
Glaucoma Service who had significant 
falls during the preceding year is ex- 
pected to be slightly lower than the 
percentage of fallers that would be 
seen in a prospective study. Elders 
suffering severe injuries due to falls 
may miss or postpone scheduled visits 
for glaucoma evaluation. In a popula- 
tion of 489 elders with the age and sex 
distribution observed in the current 
study, the expected number of deaths 
due to falls in 1 year is less than one. 
None of the participants in the current 
study reported a hip fracture due to a 
fall in the preceding year. If the rate of 
hip fracture from the Framingham 
Eye Study’ was applicable to the cur- 
rent population, then about two hip 
fractures would be expected in this 
population in 1 year. 

Measurement error is generally a 
concern in studies relying on self-re- 
ports of medical history, behaviors, 
and outcomes. Drug exposures for the 
current study were those reported in 
the recent past. Patients with glauco- 
ma who were identified as being users 
of topical eye medications were pre- 
scribed these medications at least as 
long ago as their prior visit to the 
Glaucoma Consultation Service, and 
the great majority would have been 
prescribed these medications over a 
year before the current visit. Howev- 


er, some study participants may have 
suffered injurious falls within the pre- 
vious year but before their glaucoma 
medications were prescribed, and oth- 
er participants who were prescribed 
glaucoma medications may not have 
been compliant. The effect of this mis- 
classification would likely be to under- 
estimate the real association of drug 
exposures with falls. 

In evaluating the risk of falls associ- 
ated with the use of topical eye medi- 
cations, we sought to adjust for deficits 
in visual function. It is possible that 
this risk is overestimated because of 
failure to control for some other mea- 
sure of visual function that is both 
affected by glaucoma and an indepen- 
dent risk factor for falls. The relation- 
ship of such important measures of 
visual function as contrast sensitivity 
with the risk of falls is an important 
area for future research. 

Some characteristics found by previ- 
ous investigators to be predictors of 
falls in the elderly were not assessed in 
this study. Of particular interest, Tin- 
etti and colleagues’ found objectively 
assessed gait abnormalities to be an 
important predictor of falls and also 
reported that in multivariate models 
that adjusted for gait abnormalities a 
deficit in central visual acuity was no 
longer a significant predictor of falls. 
These authors and others”” also re- 
ported an association between deficit 
in visual function and gait or stance 
abnormalities. Insofar as visual defi- 
cits may affect the risk of falls by 
inducing gait or stance abnormalities, 
it may be argued that gait and stance 
abnormalities are not confounders of 
the relationship between visual deficits 
and the risk of falls. 

This study has described the rela- 
tionship of detailed measures of visual 
deficits with the risk of falls in an older 
population. Elders with visual prob- 
lems should be cautioned with regard 
to potential falls when taking ocular 
and systemic medications. Physicians 
must be more alert to the clinical perils 
of toxic reactions to medication in the 
elderly. Further research is needed to 
explore the pathophysiologic nature of 
drug-related falls and to identify the 
drugs that pose the greatest hazard. 

This study was supported by the Charles H. 
Farnsworth Fund, the Medical Foundation Ine, 
Boston, Mass, 
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Thiseasés of the retina originating in the vessels are due to an abnormal condition either of the 
blood or of the walls of the vessels. In the first case one may have to deal with diseases of the blood 
as hyperglobulia (polycythemia), pernicious anemia, leukemia, ete., which are so often complicated 
by retinal hemorrhages, or the blood may contain poisonous substances, whether poisons, strictly 
speaking, as in the cases of poisoning mentioned, or toxins. Such poisons, doubtless, play a great role 
in many cases of retinitis, for example, in albuminuric retinitis. The blood may also carry corpus- 
cular elements, which may form within the blood as clots, obstructing retinal vessels by embolism 
or thrombosis; or these elements may be aliens in the blood, as parasites, which in milder cases cause 
retinitis septica Roth and in severer cases, a metastatic retinitis terminating in panophthalmitis. 
In most cases, the parasites are the ordinary bacteria, such as pneumococcus or streptococcus, but 
in several acute or chronic infectious diseases, it is the specific parasite which causes a metastatic 
inflammation. Metastatic in a wider sense are the chronic inflammations caused by the parasites of 
tuberculosis and syphilis. The retina has little predisposition to tuberculosis, which as a rule is 
transmitted to the retina only from a tuberculous choroiditis. Primary tuberculosis of the retina is 
rare and occurs most frequently in young men as tuberculous periphlebitis, revealing itself by re- 
current hemorrhages into the vitreous body. On the other hand, the retina is a good medium for spi- 
rochetes, emigrating from the blood into the retina, setting up inflammation. In many cases of syph- 
ilitic inflammation of the retina the foci are on retinal vessels, and the same holds good for tuber- 


culous foci. 


Source: Fuchs E. Classification of retinitis. 
Arch Ophthalmol. 1930;3:400. 


Edited by Julie Foreman, Associate Editor 





210 Arch Ophthalmol—Vol 109, February 1991 


Fails and Glaucoma— Glynn et al 











Loculated Fluid 





_ A Previously Undescribed Fluorescein Angiographic Finding in 
_ Choroidal Neovascularization Associated With Macular Degeneration 


: Neil M. Bressler, MD; Susan B. Bressler, MD; Judith Alexander; Noreen Javornik, MS; Stuart L. Fine, MD; 
Robert P. Murphy, MD; the Macular Photocoagulation Study Reading Center 


eè The Foveal Photocoagulation Study, 
a component of the Macular Photocoagu- 
lation Study, is designed to evaluate 
whether laser treatment can reduce the 
risk of severe visual loss in eyes with 
well-defined choroidal neovascular mem- 
branes associated with macular degener- 
ation that extend through the foveal cen- 
ter. On one third of the 554 baseline 
angiograms of study patients enrolled in 
and whose eyes were graded in the study 
`- as of January 31, 1990, the Reading Cen- 
ter staff has noted an unusual pattern of 
hyperfluorescence in the late-transit 
frames that has not been described pre- 
viously. This pattern, which we call “loc- 
ulated fluid,” consists of a well-demar- 
cated area of hyperfluorescence that 
appears to represent pooling of fluores- 
cein in a compartmentalized space ante- 
rior to the choroidal neovascular leak- 
age. Although the loculated fluid may 
conform to a pattern of typical cystoid 
. ‘macular edema, it can also pool within an 

‘area deep to the sensory retina in a 


<- shape that does not bear any resem- 


-blance to cystoid macular edema. This 
“pattern is important to recognize be- 
cause It (1) should not be confused with 


the angiographic pattern or extent of 


choroidal neovascularization and (2) 
should be differentiated from a serous 
detachment or tear of the retinal pigment 
epithelium. 

(Arch Ophthalmol. 1991;109:211-215) 
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he Foveal Photocoagulation Study 

(FPS), a component of the Macular 
Photocoagulation Study (MPS), is a 
randomized controlled clinical trial de- 
signed to evaluate whether laser treat- 
ment can reduce the risk of severe 
visual loss in eyes of patients with 
well-defined choroidal neovascular 
membranes (NVMs) that extend 
through the foveal center.’ One re- 
sponsibility of the Reading Center 
staff is to evaluate all pretreatment 
angiograms relative to the eligibility 
criteria, to evaluate all posttreatment 
photographs to be sure that the photo- 
coagulation conforms to the treatment 
protocol, and to identify characteris- 
tics on the color photographs and fluo- 
rescein angiograms that describe the 
appearance of the choroidal neovascu- 
larization.” 

On one third of the baseline angio- 
grams of study patients, the Reading 
Center staff has noted an unusual pat- 
tern of hyperfluorescence in the late- 
transit frames that has not been de- 
scribed previously.” The present 
report describes this finding and ad- 
dresses the importance of the recogni- 
tion of this feature during the evalua- 
tion of angiograms from patients with 
macular degeneration. 


MATERIALS AND METHODS 


The present report is based on an evalua- 
tion of all study participants in the FPS who 
were evaluated by the Reading Center as of 
January 31, 1990. The eligibility criteria for 
this study include visual acuity, as deter- 
mined by MPS protocol methods, no better 
then 20/40 and no worse than 20/320 in the 
presence of a new choroidal NVM (no prior 
photocoagulation) or recurrent choroidal 
NVM (new vessels contiguous to prior pho- 


tocoagulation) associated with macular de- 
generation.” The NVM should be welde- 
fined in its extent, and part of the NVM 
must extend beneath the center of the 
fovea.” During assessment of eligibility, the 
Reading Center staff evaluates stereoscopic 
color fundus photographs of the dise and 
macula of each eye, as well as a stereoscopic 
fluorescein angiogram. The detailed proto- 
col for the fluor escein angiogram has been 
reported elsewhere.’ 

As part of the evaluation of the photo- 
graphs, specific features of the choroidal 
neovascularization are noted, such as the 
extent of hemorrhage on color photographs, 
the presence of serous fluid beneath. the 
sensory retina on either color photographs 
or fluorescein angiograms, and the size of 
the NVM on fluorescein angiograms. Dur- 
ing review of the angiograms in the FPS; 
the Reading Center staff noted an unusual 
angiographic finding on one third of the 
baseline angiograms. This finding consisted 
of a well-demarcated area of hyperfluores- 
cence, which represented pooling of fluores- 
cein in a compartmentalized (loculated) 
space anterior to the choroidal neovascular 
leakage. 


RESULTS 


Among the 373 participants with new 
subfoveal lesions who were enrolled and 
whose lesions were graded in the FPS as of 
January 31, 1990, 36% (136 eyes) had lecu- 
lated fluid. Fifty-two of these 136 eyes had 
loculated fluid with no pooling of dye in-a 
cystoid pattern. In the remaining 84 eyes, 
some of the loculated fluid conformed to a 
pattern of typical cystoid macular edema. 
Among the 181 participants with recurrent 
subfoveal lesions who were enrolled. into 
and whose lesions were graded in the FPS 
as of January 31, 1990, 27% (48 eyes) had 
loculated fluid. Twenty-eight. of these 48 
eyes had loculated fluid with no pooling of 
dye in a eystoid pattern. In the remaining 
20 eyes, some of the loculated. fluid con- 
formed to a pattern typical of cystoid macu- 
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Fig 1.—Example of loculated fluid in an eye with a subfoveal choroidal new vessel membrane associated with macular 
degeneration before and after laser treatment. Top left, Fundus photograph demonstrating subretinal fluid and small 
specks of subretinal hemorrhage (arrows). (The orange crescent at the bottom of the slide is a photographic artifact.) Top 
right, Early-transit frame from fluorescein angiography demonstrating subretinal hyperfluorescence from choroidal neo- 
vascularization extending through the foveal center. Middle left, Late-transitframe demonstrating subretinal hyperfluores- 
cent leakage (small arrow) from new vessel membrane, as well as a distinct area of a well-defined, extremely bright, sharply 
demarcated collection of fluorescein dye (open arrow) corresponding to the loculated fluid. Several smaller, well- 
circumscribed areas of hyperfluorescence that conform to a configuration cf cysteid macular edema (large closed arrow) 
are also seen. Middle right, Drawing of superimposed images from new vessel membrane shown in top right and loculated 
fluid shown in middle left to demonstrate that the area of loculated fluic does not correspond to the borders of the 
neovascular membrane (NVM). Bottom left, Posttreatment photograph demonstrating less intense whiteness to the burn 
(arrow) corresponding to the loculated fluid outlined in the middle left and middle right portions of the figure. Bottom right, 
Fundus photograph obtained 6 weeks after laser treatment demonstrating intense treatment effect with marked scarring 
and ablation of retinal tissue, including the area previously occupied by the loculated fluid (middle left) that had demonstrat- 
ed less intense whiteness to the burn (bottom left) immediately after treatment. 
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lar edema. Cases of loculated fluid are 
described in the following three case 
reports. 

CASE 1.—This patient presented with 
subretinal fluid and some small specks of 
subretinal hemorrhage (Fig 1, top left). 
Early-transit fluorescein angiography 
“showed a well-defined new vessel mem- 
‘brane extending through the foveal center 
(Fig 1, top right). The late-transit frame 
(Fig 1, middle left) showed leakage from 
the NVM (small arrow); in addition, there 
was a well-defined, extremely bright, 
sharply demarcated area of fluorescein dye 
that, as seen on stereoscopic angiography, 
was located anterior to the choroidal neo- 
vascular leakage(open arrow in Fig 1, mid- 
dle left). Of equal brightness were several 
smaller well-circumscribed areas of hyper- 
fluorescence that appeared to correspond to 
eystoid macular edema (large closed arrow 
in-Fig 1, middle left). The composite draw- 

“ing (Fig 1, middle right) of the early- and 
late-transit frames (Fig 1, top right and 
middle left) demonstrates that the area of 
loculated fluid (open arrow in Fig 1, middle 
left) does not correspond to the borders of 
the NVM (Fig 1, top right). 

A posttreatment photograph of this le- 
sion showed less intense whiteness to the 
burn (arrow in Fig 1, bottom left) in the 
area corresponding to the loculated fluid 
(Fig 1, middle left). However, the color 
fundus photograph obtained 6 weeks after 
treatment showed an intense treatment ef- 
fect with marked scarring and ablation of 
tissue throughout the area of loculated fluid 
(Fig 1, bottom right). 

CASE 2.—In some cases, the loculated 
fluid is contained primarily within the bor- 
ders of the NVM (Fig 2). The extent of the 
NVM should not be determined only from 
the well-defined hyperfluorescence of locu- 
lated fluid seen in the late-transit frame 
(Fig 2, top right), as this will lead to an 
underestimate of the extent of the NVM 
(Fig 2, bottom). 

CASE 3.—In some cases, the loculated 
fluid extends beyond the borders of the 
NVM. In the early-transit frame from pa- 
tient 3 (Fig 3, top left), the NVM is well 
defined. In the late-transit frames, an area 
of loculated fluid (Fig 3, top right) extends 
beyond the area of the NVM (Fig 3, bot- 
tom). One should not determine the extent 

of the NVM from the late-transit frame 
(Fig 3, top right) or conclude that the area 

- of loculated fluid corresponds to the neovas- 
cularization (Fig 3, bottom). 


COMMENT 


Macular degeneration is the leading 
cause of irreversible, severe visual loss 
in the elderly in the United States.’ 
Most eases of severe visual loss associ- 
ated with macular degeneration are 
due to the neovascular forms of the 
disease,” which usually are identified 
with fluorescein angiography. Despite 
many publications that deseribe the 
“angiographic features of NVMs in age- 
“related macular degeneration,’ to our 

knowledge, no published reports de- 
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scribe the angiographic findings re- 
ported herein. This finding has been 
noted and recorded by participants of 
the MPS with both new NVMs and 
recurrent NVMs that extend into the 
foveal center. Preliminary data from 
the FPS show that loculated fluid was 
noted in one third of the eyes at entry 
into the study. 

An ophthalmologist might want to 
be aware of this fluorescein angio- 
graphic finding for several reasons, as 
described below: 

1. The extent of loculated fluid 
should not be confused with the extent 
of the NVM. Identification of the ex- 
tent of the NVM is critical in the 
treatment of these patients for two 
reasons. First, studies have indicated 
that laser treatment should cover the 
NVM in its entirety to minimize the 
risk of persistent neovascularization 
after treatment.“ To cover the entire 
NVM during laser treatment, we must 
be able to identify the correct extent of 
the NVM on the pretreatment angio- 
gram. If the borders of the late hyper- 
fluorescence corresponding to the locu- 
lated fluid are interpreted as borders 
of the NVM, the extent of the NVM 
may be identified incorrectly and the 
area of potential treatment may there- 
fore be incorrect. Second, the location 
of the posterior edge of the NVM with 
respect to the foveal center is impor- 
tant in the determination of whether 
laser treatment is indicated. Treat- 
ment of NVMs associated with age- 
related macular degeneration has been 
shown to be effective in eyes in which 
the posterior edge of the NVM is at 
least 1 pm from the foveal center, ®” 
although the prognosis after laser 
treatment is better when the posterior 
extent of the NVM is at least 200 um 
from the foveal center” vs from 1 to 
199 um from the foveal center.” Once 
again, if the loculated fluid border is 
interpreted as the border of the NVM, 
the location of the posterior edge of the 
NVM may be identified incorrectly, 
and the decision to treat may be based 
on incorrect data. 

2. Areas of loculated fluid should 
not be confused with areas of serous 
detachment of the pigment epithelium. 
Although both of these entities can 
demonstrate uniform ‘bright hypef- 
fluorescence in the late-transit frames, 
stereoscopic evaluation of the angio- 
grams clearly shows that loculated flu- 
id represents pooling of dye in a com- 
partmentalized space anterior to the 
choroidal neovascular leakage, appar- 
ently above the retinal pigment epithe- 
lum (RPE), while a serous detach- 
ment represents pooling of dye in a 
compartmentalized space below the 


RPE. Monocular clues to the differen- 
tiation of loculated fluid from a serous 
detachment of the RPE include the 
fact that serous detachments of the 
RPE usually appear as bright hyper- 
fluorescence in the  early-transit 
frames, with persistent hyperfluores- 
cence in the late-transit frames. Even 
when there is slow filling of a serous 
detachment of the RPE, the outline of 
the detachment usually can be dis- 
cerned in the early-transit frames, al- 
though the hyperfluorescence in these 
frames will not appear as bright as in 
cases of classic serous detachments of 
the RPE with rapid filling of fluoresce- 
in. In contrast, areas of loculated fluid 
will not appear during the early-tran- 
sit frames but will show extremely 
bright complete homogeneous hyper- 
fluorescence in the late-transit frames. 
In addition, the shape of the loculated 
fluid (Fig 1, middle left) often does not 
conform to the more circular contour of 
detachments of the RPE. 

3. Areas of loculated fluid should 
not be confused with tears or rips of the 
RPE. Tears of the RPE will demon- 
strate, on fluorescein angiography, 
early, bright, sharply demareated hy- 
perfluorescence with intense staining 
of this area without leakage in the late- 
transit frames. Blocked fluorescence 
corresponding to “heaped-up” RPE 
will be identified at the periphery on 
one side of the tear. In contrast, the 
sharply demarcated borders of loculat- 
ed fluid cannot be identified on the 
angiogram until the middle- or late- 
transit frames. Furthermore, no 
blocked fluorescence corresponding to 
heaped-up RPE will be seen at the 
periphery of the loculated fluid. 

Another interesting finding of locu- 
lated fluid has been noted in some 
cases when treatment has been applied 
to these areas. In the photographic 
evaluation of one of these treatments, 
less uniform whitening of the treat- 
ment burn is seen in areas of loculated 
fluid compared with areas of the same 
lesion without loculated fluid (Figs 1, 
middle left and bottom left). Neverthe- 
less, the treatment effect (Fig 1, bot- 
tom right) does not appear to be affect- 
ed by this decreased whiteness. 
Destruction of tissue in areas of locu- 
lated fluid appear to be just as intense 
as in areas within the same lesion that 
were treated and do not contain locu- 
lated fluid. We have not systematically 
evaluated all treated cases with and 
without loculated fluid in the FPS to 
determine if this observation will be 
supported by a review of all of the 
cases. It should be noted that these 
laser treatments were applied within 
the context of a randomized trial that 
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Fig 2.— Example of loculated fluid contained primarily within the bor- 
ders of the neovascular membrane (NVM). The extent of the loculated 
fluid (top right) does not correspond to the more peripheral borders of 
the new vessel membrane (top left). The different extents are superim- 
posed in the drawing (bottom). 





Fig 3.—Example of an eye in which the borders of the loculated fluid 
extend beyond the borders of the choroidal neovascular membrane. In 
the late-transit frames, the area of loculated fluid (top right) extends 
beyond the area of the borders of the neovascular membrane (NVM) 
as defined in the early-transit frames (top left). The different extents of 
the neovascular membrane and the loculated fluid are superimposed 
in the drawing (bottom). 
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-compares treatment to no treatment 
for subfoveal NVMs; however, no data 

at present indicate the efficacy of 

treatment for subfoveal NVMs. 

We are presently unaware of any 

< ¢linicopathologic correlation of this an- 
giographic finding at this time. Never- 

theless, we hypothesize that this find- 

ing may represent a schisis in the 

outer retina, specifically in the outer 

plexiform layer or more posteriorly, 

albeit in front of the NVM. This hy- 

pothesis is supported by the finding 

that pooling of dye within these locu- 

lated spaces has a similar appearance 

in timing and intensity as pooling of 


dye within cystoid spaces (Fig 1, mid- 


dle left). Furthermore, in one histolog- 
ie case {without clinical correlation), 
- Frangieh and coworkers ” identified a 


— large cyst or schisis cavity that mea- 


sured 3 mm in diameter, was located 
mainly in the outer plexiform layer of 
the macular area, and was anterior to 
choroidal neovascularization that was 
contained within a thickened Bruch’s 
membrane.” This histologic case dem- 
onstrates that a schisis in the outer 
plexiform layer can form in an eye with 
choroidal neovascularization associated 
with macular degeneration. We have 
not had the opportunity to test for an 
absolute scotoma in regions of loculat- 
ed fluid. 


i, Fine SL. Clinical trials and the practice of 
ophthalmology. Areh Ophthalmol, 1984;102:1282- 
1288. 


2. Macular Photocoagulation Study: Manual of 
Procedures. Springfield, Va: National Technical 
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We do not believe that areas of 
loculated fluid represent “blow-outs” 
of the RPE as have been described by 
Goldstein and Pavan.” The two cases 
of blow-outs of the RPE were in 
patients with central serous 
chorioretinopathy who were younger 
than 50 years. All of the cases of 
loculated fluid described herein were 
in older patients with choroidal neo- 
vascularization associated with age-re- 
lated macular degeneration. Further- 
more, the description of the blow-outs 
of the RPE include a small pinpoint 
area of hyperfluorescence in the early- 
transit frames, with a progressive in- 
crease in the size of the fluorescence in 
the late-transit frames. The cases of 
loculated fluid cannot be seen until the 
middle- and late-transit frames; fur- 
thermore, the extent of the loculated 
fluid has a very sharply demarcated 
border with no evidence of leakage at 
the edge of the border in the latest 
frames of the angiogram. 

Although this finding is being re- 
corded in the evaluations of fluorescein 
angiograms in the FPS, the condition 
is not limited to subfoveal NVMs in 
age-related macular degeneration. 
Since the recognition of this fluoresce- 
in finding in the FPS, we have also 
noted loculated fluid while reviewing 
cases within the Krypton—-Age-Related 
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The Nature of Head Postures in Congenital Nystagmus 


Richard V. Abadi, PhD, John Whittle, MSe 


e We investigated the factors that de- 
termine the nature and extent of abnor- 
mal head postures in patients with con- 
genital nystagmus. The head positions 
and eye movements of 16 patients were 
monitored while they adopted a variety of 
gaze positions. Five patients displayed a 
single head posture and four displayed 
multiple head postures. Six of the nine 
head postures matched the minimum in- 
tensity zone. The extent of the head pos- 
ture was also found to be dictated by the 
velocity distribution of the slow phase, 
the nystagmus beat direction, and the 
neutral zone. Our results suggest that 
the surgical management of a head pos- 
ture should not always be based only on 
the relocation of the minimum intensity 
zone to the primary gaze position. 

(Arch Ophthalmol. 1991;109:216-220) 


C ongenital nystagmus (CN) is an in- 

voluntary, bilateral ocular oscilla- 
tion that is present at birth or develops 
within the first few months of life. The 
movements are invariably conjugate 
and predominantly horizontal. Record- 
ings of the nystagmus oscillations have 
indicated that the amplitude, frequen- 
cy, and waveform shape can vary with 
eye position,” often giving rise to a 
region of gaze in which the intensity 
(amplitude x frequency) of the oscilla- 
tion is minimal. Such a region is con- 
ventionally referred to as a null zone 
(NZ)? If this zone does not coincide 
with the primary gaze position, the 
individual may adopt a head posture to 





Accepted for publication August 23, 1990. 

From the Department of Optometry and Vision 
Sciences, University of Manchester Institute of 
Science and Technology, Manchester, England 
(Dr Abadi); and Bristol (England) Eye Hospital 
(Mr Whittle). 

Reprint requests to the Department of Optome- 
try and Vision Sciences, University of Manchester 
Institute of Science and Technology, PO Box 88, 
Manchester M60 1QD, England (Dr Abadi). 


move the NZ toward the primary gaze 
position. Thus, an eccentric NZ 40° to 
the right of center is utilized by turn- 
ing the head 40° to the left. Typically, 
this strategy is adopted whenever the 
need to distinguish fine detail arises.°“ 

Surgery to relocate the NZ to the 
primary gaze position is sometimes 
performed if the head posture becomes 
cosmetically embarrassing er if the pa- 
tient experiences pain when he or she 
adopts a preferred head turn. The 
success of this form of management is, 
however, variable, as many individuals 
readopt anomalous head postures fol- 
lowing surgery.” It was thus our 
intention to reexamine the relationship 
between the NZ and an adopted head 
posture by considering three separate 
features of the nystagmus. First, we 
considered the variation in nystagmus 
amplitude and frequency with gaze po- 
sition. Second, because waveform 
shape has been found to be a good 
predictor of visual acuity," the distri- 
bution of velocities that form the nys- 
tagmus slow phase was calculated for 
different gaze positions. Finally, tem- 
poral characteristics of the nystagmus 
were investigated by measuring the 
change in oscillation ampiitude over 
time. We then considered the relative 
importance of these three factors in 
determining whether an abnormal 
head posture was adopted. 


PATIENTS AND METHODS 
Patients 


Sixteen patients with CN participated in 
this study. No patient exhibited a manifest- 
latent nystagmus.” Fifteen patients were 
classified having idiopathic CN, and one 
was classified as a tyrosinase-positive oculo- 
cutaneous albino. ®™ Only one of the pa- 
tients (patient 6) exhibited an ocular abnor- 
mality (a congenital choroidal coloboma of 
the right eye). The Table provides details of 
the age, sex, and nystagmus characteristics 
of all the patients. Informed consent was 
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obtained from all patients before each re- 
cording session. 


Monitoring the Nystagmus 


Binocular horizontal eye movements 
were recorded using DC electro-oculo- 
graphy (resolution 30 of are). Skin elec- 
trodes were positioned at all four canthi, 
and a ground electrode was placed on the 
forehead. The patients viewed fixed sta- 
tionary targets within a horizontal range of 
+50° from primary gaze. Fixation targets 
were 0.15° green light-emitting diodes 
spaced at intervals of 5° when viewed at 
114 em. The background field matched the 
target color. During assessment of the ef- 
fect of gaze on the nystagmus waveform, 
the patients head was supported by a fixed 
frame and chin cup to minimize head 
movements. 

Right and left eye positions were dis- 
played on a four-channel chart recorder. A 
velocity trace of one eye (obtained by elec- 
tronic differentiation of the position trace) 
and a stimulus marker were also displayed. 
In addition to this hard copy, eye position 
data were stored on a frequency-modulated 
tape recorder. 


Characteristics of the 
Nystagmus Oscillations 


To determine how gaze affected the nys- 
tagmus, we examined four features of the 
oscillation: amplitude, frequency, intensity, 
and slow-phase velocities. Amplitude of the 
nystagmus was defined as the peak-to-peak 
slow-phase displacement, frequency as the 
number of oscillations per second, and in- 
tensity as amplitude x frequency. 

Sections of the data that represented the 
typical waveform of each of the patients 
were also selected for slow-phase analysis. 
The slow phases were sampled to 8-bit 
accuracy at 250 Hz and then digitally fil- 
tered (-3-db leveľ at 10 Hz) to attenuate 
the noise to an acceptable level (+3°/s). To 
avoid any fast-phase inclusions in the slow- 
phase analysis, the beginning and end of 
each fast phase were defined as the point at 
which eye velocity rose above or fell below 
40°/s in the opposite direction to the slow 
phase. A further 8 milliseconds to either 
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Age, y/Sex Head Posture Zone 


Minimum 
intensity 
(Null) Zone 


Minimum 
Frequency 
Zone 


Nystagmus 
Waveform 





1/437F 9 (~30) —40 


—40, +30 


—40, +30 dh, 





2/14/M is) 0 


J, Ty-pos OCA 





3/14/M ie} 


PC (Jy Pio) 





4/22/M 0 


4, DJ 





5712/F ~40 (0/—15 CD) 
{+20 —30 CD) 


Jy (Pia) 





6/37 /F —30 


J, R eye blind 





7/14;F QO 


DJ (J) 





B/11/F +10 (—30) 


P(J, PC); head 
nods 





9/20/M +20 (—40) 


P(J, PC); head 
nods 





10/19/M 


Jy (Pa) 





11/39/M 


J, (DJ) 





12/34/F 


J, P 





13/5/M 


P (J, PC) 





14/11/M 


J, (PC DJ) 





15/19/M 


Ji Pry P) 








16/21/M 


Jy (PC) 


* Nine patients displayed abnormal head postures and seven did not. Four patients (patients 1, 5, 8, and 9) 
also adopted secondary head postures, which are shown in parentheses. Some patients exhibited dual mini- 
mum amplitude zones (patient 11), minimum frequency zones (patients 1 and 6), and minimum intensity zones 
(patients 1 and 4). Positive and negative values indicate right and left, respectively. J, indicates jerk with 
increasing velocity slow phase; Ty-pos OCA, tyrosinase-positive oculocutaneous albino; PC, pseudocyctoid; Pis 
pendular with foveating saccades; DJ, dual jerk; CD, chin depression; and P, pendular. 


side of these points was excluded to ensure 
that only the slow phase was analyzed. The 
velocity of the slow phases was then sam- 
pled at 12-millisecond intervals to build up a 
profile of their constituent velocities." 


Measurement of Adopted Head Posture 


Head rotations may be described in terms 
of a coordinate system with three axes, 
producing a head turn by rotating about the 
vertical axis (yaw), a head tilt by rotating 
about the frontoposterior axis (roll), or chin 
elevation and depression by rotating about 
the horizontal axis (pitch). When head pos- 
tures are encountered in CN, the dominant 
rotation is usually about the vertical axis 
(ie, a face turn). 

Ideally, an assessment of head position 
should not interfere with the nature of the 
head posture. To achieve this goal, our 
recording methods were designed to mini- 
-mize discomfort and allow unrestricted 

head movement. Each patient wore a light- 
weight cycle helmet with a protractor scale 


< = mounted at the rear. Direct readings of face 


turns- čould be obtained by directing a slit 
source at the scale. Alternately, a light- 
weight aluminum frame strapped to the 
patients head could be used. The frame can 
rotate in two planes. The fulcra of this 
system were formed by variable resistance 
potentiometers, which controlled the volt- 
age in two independent circuits. Thus, 
when connected to two channels of the 
chart recorder, it was‘ possible to obtain 
direct readings of head turns as well as chin 
elevations and depressions. To aid the set- 
up and calibration of the system, protractor 
scales were attached at each fulerum. The 
arrangement had a linear range of measure- 
ment of + 90° and a resolution of 2°. Each of 
the-16 patients was examined to determine 
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whether he or she displayed a head posture 
whenever a visual resolution task was 
performed. 


RESULTS 


Five different waveform types were 
recorded from our patients. The oscil- 
lations were either pendular, pendular 
with foveating saccades, jerk with in- 
creasing velocity slow phase, pseudo- 
eycloid, or dual jerk. These waveforms 
were all characteristic of CN.” Most 
individuals exhibited more than one 
type of waveform. For example, the 
dominant waveform of patient was 
pseudocycloid, but a jerk with increas- 
ing velocity slow phase or pendular 
with foveating saccades oscillation was 
occasionally recorded (Table). General- 
ly, the direction of the fast phase 
and/or the waveform type was depen- 
dent on the gaze angle (Fig 1). None of 
the 16 patients had a periodic or aperi- 
odie alternating nystagmus in either 
primary gaze or in their null posi- 
tions,*”’ ie, no cyclic changes in the 
nystagmus beat direction were record- 
ed when the patients held their gaze 
steady for any length of time. 

Seven of the 16 patients displayed no 
abnormal head posture, but of the re- 
maining nine, three had head turns to 
the right and six to the left. Four of 
the latter nine patients also displayed 
secondary head postures. Only one pa- 
tient (patient 5) presented both an 
accompanying pitch and roll. 





The Minimum Amplitude Zone (MAZ) 


The direction of gaze that gives rise 
to a minimum nystagmus amplitude 
will be referred to as the MAZ. The 
relationship between the adopted head 
posture and the MAZ for all 16 pa- 
tients is illustrated in Fig 2. One pa- 
tient (patient 11) exhibited two and the 
other 15 only one MAZ. Exact match- 
ing of the head posture to the MAZ 
was achieved by five patients (patients 
2, 4, 6, 11, and 16). Close matches 
(within + 10° of the perfect correlation) 
was seen in 11 of the 16. A measure of 
closeness for all the patients is the 
Pearson Product-Moment Correlation 
Coefficient, which was found to be .60 
(P<.01). 


The Minimum Frequency Zone (MFZ) 


The gaze position that yielded the 
nystagmus oscillation of minimum fre- 
quency is called the MFZ. Figure 3 
shows the relationship between head 
posture and the MFZ for all 16 pa- 
tients. Two patients (patients 1 and 6) 
exhibited two MF Zs, whereas the oth- 
ers exhibited only one MFZ. Five pa- 
tients (patients 2, 3, 6, 9, and 12) 
showed an exact match between the 
MFZ and the adopted head posture. 
The Pearson correlation coefficient 
was .31, indicating that there was a 
poor correlation between the adopted 
head posture and the MFZ. 


The NZ or Minimum Intensity Zone (MIZ) 


The gaze direction that gives rise to 
the minimum nystagmus intensity is 
conventionally called the NZ but for 
the sake of uniformity will be referred 
to as the MIZ. The relationship be- 
tween head posture and the MIZ for all 
16 patients is shown in Fig 4. Two 
patients (patients 1 and 4) had dual 
MIZ. Although nine patients showed 
exact matching of the MIZ with head 
posture, the patient group showed 
some degree of scatter, yielding a 
Pearson coefficient of .52. 


The Nystagmus Waveform 
and Its Variability 


Only two patients (patients 2 and 6) 
exhibited perfect matching of head 
posture for each of the three measures 
of the nystagmus (ie, MAZ, MFZ, and 
MIZ). While for the group as a whole 
the best predictors of head posture 
were the MAZ and MIZ, there still 
remains some uncertainty about the 
strength of these relationships. Addi- 
tional indexes of the ‘visual potential’ 
of a waveform may be gained by con- 
sidering the range of velocities that 
make up the slow phase and by exam- 
ining temporal factors, such as how the 
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Fig 1.— The effect of gaze on the percentage of time the slow phase of 
the nystagmus is 10°/s or less for four patients (top left, patient 1; top 
right, patient 4; bottom left, patient 5; and bottom right, patient 15). The 


“greater this percentage, the more favorable is the waveform in terms of 


visual performance. Black and blue circles represent right- and left- 
-beating nystagmus, respectively. 
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Fig 3.—The relationship between head posture and the minimum 
frequency zone. The solid line represents the ideal match, and the 
numbers scattered about it are patient numbers. Two patients (pa- 
tients 1 and 6) had two minimum frequency zones. 
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Fig 2.—The relationship between head posture and the minimum 
amplitude zone. The solid line represents the ideal match, and the 
numbers scattered about it are patient numbers. One patient (patient 
11) had twe minimum amplitude zones. 
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Fig 4.—The relationship between head posture and the minimum 
intensity zene. The solid line represents the ideal match, and the 
numbers scattered about it are patient numbers. Two patients (pa- 
tients 1 and 4) had two minimum intensity zones. 





stability of the oscillation may influ- 
ence the choice of head posture. 


The Velocities That Make 
Up the Slow Phase 


The threshold for slow-phase veloci- 
ties was chosen to be 10°/s or less, 
because this velocity has been shown 


to correlate closely with visual acuity 


and hence may be a-useftil predictor of 
head posture.” Figure 1 illustrates the 


effect of gaze on the percentage of time 
the slow phase was 10°/s or less for 
four patients (patients 1, 4, 5, and 15). 
Favorable gaze positions (ie, when the 
period of low ocular velocity is of maxi- 
mum duration) appear to be at — 40° 
and +30° for patient 1 (Fig 1, tep left), 
+10° for patient 4 (Fig 1, top right), 
+45° and —10° for patient 5 (Fig 1, 
bottom left), and +20° for patient 15 
(Fig 1, bottom right). With the use of 
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this method, predictions for the group 
as a whole appear to be no better and 
no worse than those based on the MAZ 
or the MIZ. 


Temporal Aspects 
Although the MAZ, the MIZ, and 
the gaze angle at which slow-phase 
velocities of 10°/s or less are exhibited 


for the longest period are useful pre- 
dictors of the head posture, none pro- 
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-= .Fig_5.~The variation in the nystagmus amplitude over time at — 10° 
-< gaze- (top left and top right), + 25° gaze (bottom left), and + 20° gaze 
_ © (bottorn right). Black and blue circles represent right- and left-beating 
=: nystagmus, respectively. Error bars indicate 1 SD from the mean 


(patient 1 1). 


Fig 6.—The variation in the nystagmus amplitude over time at — 10° 
gaze (top), + 40° gaze (second from top), + 45° gaze (third from top), 
~20° gaze with a 30° chin depression (second from bottom), and 
primary gaze with a 15° chin depression (bottom) positions. Plotted 
circles represent a right-beating nystagmus. Error bars indicate 1 SD 


from the mean (patient 5). 


vide direct information about the tem- 


poral characteristics of the nystagmus. 


_ Such a description of the stability of an 


oscillation can be achieved by record- 


ing the variation in amplitude over 
time. Data from two patients (patients 


> Iland 5) are used below to illustrate 


the influence of temporal aspects. 
‘Patient 11 has a —25° head turn, 
two MAZs at +25° on right gaze and 
~ 10° on left gaze, one MFZ at +40° on 
right gaze, and one MIZ at +25° on 
right gaze. Both the MAZ and MIZ 
“indicate that the patient would benefit 
from adopting a —25° head turn. Fig- 
ure 5 illustrates that the beat direction 
influences the stability of the nystag- 
mus. Thus, the nystagmus on left gaze 
— (=10% Fig 5, top left and top right) 
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remains more stable when it is right- 
beating, but on right gaze (+25° and 
+20°; Fig 5, bottom left and bottom 
right) greater stability is achieved 
when the waveform is left-beating. 
The patient’s preference for the left- 
beating nystagmus brought about by 
right gaze over the left-beating oscilla- 
tions seen on left gaze are well illus- 
trated by a comparison of Fig 5, top 
left, with Fig 5, bottom left and bot- 
tom right. 

Unlike patient 11, patient 5 adopted 
multiple head postures. She showed a 
preference for extreme right gaze be- 
cause of the greater likelihood of hav- 
ing a stable right-beating nystagmus 
(Fig 6, second from top and third from 
top). A combination of left gaze and a 
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30° chin depression gave rise to a mini- 
mal variability in amplitude (Fig 6, 
second from bottom). In all, patient 5 
exhibited three separate head pos- 
tures. The primary head position was a 
40° left head turn (with a 10° left tilt), 
which she adopted whenever she 
wished to visualize detail (eg, when 
reading a test chart or watching televi- 
sion). Two other postures were also 
evident: head straight with a 15° chin 
depression and a 20° right head turn in 
conjunction with a 30° chin depression, 
The 40° left head turn was always 
adopted first. If, however, the task 
was either too difficult or prolonged, | 
the secondary postures were adopted. 
A measure of the relative preference 
for each of the head positions was 
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achieved by recording head position 
over a continuous period of 20 minutes 
while patient 5 watched a video film. 
Throughout this period, patient 5 
moved from the primary head position 
to either of the secondary head posi- 
tions and then back to the primary 
position, such that 81% of the time was 
spent adopting the primary head posi- 
tion, 12% in the first secondary posi- 
tion, and 7% in the latter secondary 
position. 

As shown in the Table, three other 
patients (patients 1, 8, and 9) also 
adopted secondary head postures in 
addition to their dominant primary 
postures. Patient 1 exhibited a very 
small amplitude nystagmus that was 
rarely greater than 1.5° in all gaze 
positions. Her waveform was a jerk 
with increasing velocity slow phase, 
and the foveation period was such that 
for more than 60% of the time, retinal 
slip velocities were below 10°/s for gaze 
positions between +40° (Fig 1, top 
left). Although the MAZ, MFZ, and 
MIZ were not central, there was clear- 
ly little to be gained by her adopting a 
marked head posture, as visual acuity 
was not improved. The —30° head turn 
was only adopted very occasionally for 
very short periods of a few seconds 
(<5 seconds) during prolonged viewing 
of high-resolution targets. Patients 8 
and 9 also rarely adopted their second- 
ary head postures. 
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COMMENT 


We investigated why some individ- 
uals with CN adopt specific head pos- 
tures. As in previous studies, we found 
that patients tended to make use of 
either their MAZ or MIZ to improve 
visual performance. Nonetheless, mis- 
matches between the MIZ and the 
head posture were seen in more than 
30% of our patients, suggesting that 
other factors must also strongly influ- 
ence the position and extent of a head 
posture. These were principally the 
velocity distribution of the slow phase 
and the nystagmus beat direction. 

For each gaze position, any one pa- 
tient will exhibit a particular wave- 
form type. Most patients displayed a 
systematic change in the beat direction 
of the nystagmus fast phase during a 
sequential change from left to right 
gaze. The zone that delineates the two 
directions of beat is often referred to 
as the neutral zone.” During our inves- 
tigations, we found that the beat direc- 
tion was dependent on the prier posi- 
tion of gaze and on the length of time a 
subject maintained a fixed gaze posi- 
tion. Both these factors influenced the 
neutral zone and the intensity of the 
nystagmus at any given gaze pesition. 

Although it is commonly stated that 
oscillopsia is not a common conse- 
quence of CN, some patients com- 
plained of oscillopsia, which generally 
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coincided with high-intensity oscilla- 
tions. The preference for a particular 
head posture may reflect a need to 
minimize oscillopsia when an individual 
makes an “effort to see” or when there 
is a marked increase in the nystagmus 
intensity. 

Over the years, there has been much 
debate over the type and amount of 
surgery required to eliminate an ab- 
normal head posture.*“*"*"* General- 
ly, the long-term results have been 
variable. This may have been so in the 
past because some of the patients had 
a manifest-latent nystagmus rather 
than CN or because of an inappropri- 
ate surgical procedure. Some surgeons 
recommend increasing the amount of 
surgery performed on each muscle by 
up to 60% He to avoid the return of a head 
posture. ™®=> Our results confirm that 
moving the MIZ into the primary posi- 
tion is a useful rule of thumb for the 
majority of patients and will presum- 
ably correct the majority of head pos- 
tures. It is possible, however, that the 
preference for a particular head pos- 
ture and its surgical management may 
also depend on the position and extent 
of the neutral zone. Studies are now in 
progress to test this theory. 
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Large Rectus Muscle Recessions for the 
Treatment of Congenital Nystagmus 


Gunter K. von Noorden, MD, Derek T. Sprunger, MD 


è Retroequatorial recessions of the 
horizontal rectus muscles 10 to 12 mm 
behind their insertions reduced the am- 
plitude of manifest congenital nystag- 
mus in three patients. Modest improve- 
ment of visual acuity occurred in two 
patients. In a third patient with periodic 
alternating nystagmus, a compensatory 
head turn was eliminated by shifting the 
neutral zone of the nystagmus to the 
primary position of gaze. In spite of large 
recessions of the muscle insertions, 
none of the patients had a functionally 
significant postoperative limitation of oc- 
‘ular motility. 

(Arch Ophthalmol. 1991;109:221-224) 


Q urgical treatment of nystagmus is 

usually limited to correcting the 
secondary compensatory head posture. 
Operations directed at the nystagmus 
itself, ie, attempts to stabilize the eyes 
to obtain better visual acuity, to de- 
erease oscillopsia, or to gain cosmetic 
improvement are less commonly per- 
formed. Among the surgical methods 


i -mentioned in the older literature to 


< accomplish these goals are fixation of 
the extraocular muscles to the perios- 
teum of the lateral orbital wall,“ trans- 
position of parts of the horizontal and 
vertical rectus muscles,’ or a free teno- 
tomy of opposing rectus muscles.’ 
However, none of these procedures 
has gained much popularity. Our at- 
tempts to dampen the nystagmus am- 
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plitudes by retroequatorial myopexy of 
all four horizontal recti have been 
unsuccessful. The more recently devel- 
oped approach of employing the stabi- 
lizing effect of fusional convergence on 
nystagmus amplitudes by surgically 
creating an artificial exotropia™’ needs 
further study and documentation be- 
fore it can be accepted as a valid mode 
of treatment. 

Bietti" and Bietti and Bagolini” re- 
ported that nystagmus intensity can be 
decreased by retroequatorial recession 
(12 mm) of the horizontal rectus mus- 
cles in one or both eyes. These authors 
noted appreciable improvement of vi- 
sual acuity in nine of 14 patients who 
underwent surgery.” However, this 
procedure has received little attention 
until its recent revival by de Brown E. 
Limon and Bernadeli J. Corvera.” 

We report herein our experience 
with this operation in three patients 
with manifest congenital nystagmus. 
The operation was performed to de- 
crease a cosmetic problem in two pa- 
tients and to correct an alternating 
face turn in a third patient with period- 
ic alternating nystagmus. 


PATIENTS AND METHODS 


Electronystagmograms were recorded 
for three patients before and after surgery 
using a dynograph, coupled with a direct 
nystagmus transducer in the AC mode, 
with a time constant of 3 seconds. The high- 
frequency filter was 25 Hz, with a sensitiv- 
ity of 5 mV/mm. With calibration, this 
corresponded to 1 mm of deflection per 2° of 
eye movement in case 1 and to 1 mm of 
deflection per 1° of eye movement in cases 2 
and 3. The calibration was the same for 
preoperative and postoperative recordings 
in all patients. Skin electrodes were posi- 
tioned at all four canthi and a ground elec- 
trode was attached to the patients fore- 
head. The patients head was placed in a 


chin rest and the forehead was supported 
by a headrest while the eye movements 
were recorded. Rectilinear tracings were 
obtained while each patient fixated with 
both eyes in the primary position on a 
fixation light at 100-cm fixation distance. In 
case 3, recordings were also obtained with 
the eyes in 30° dextroversion and 
levoversion. 


REPORT OF CASES 


CASE 1.—A 17-year-old white girl was 
referred because of poor visual acuity and 
nystagmus. Some of her clinical findings 
have been published previously. "®®® Her 
visual acuity measured on the Snellen chart 
at 6-m fixation distance was 20/200 OD, 
20/100 OS, and 20/80 OU with the following 
optical correction: — 1.25 spherical, +2.25 
cyl, axis 125° OD; and —2.00 spherical, 
+2.75 eyl, axis 50° OS. Visual acuity at 
33-em-fixation distance was 20/50 OU. Pre- 
operative and postoperative visual acuity 
determinations were carried out by the 
orthoptists in our department for all pa- 
tients deseribed in this study. 

The patient had a conspicuously coarse, 
large-amplitude, and low-frequency mani- 
fest nystagmus (Fig 1), which, according to 
her history, had been present since birth. 
She complained about poor distance vision 
and the unfavorable cosmetic effect of hav- 
ing “roving” eye movements. 

The remainder of the examination 
showed orthotropia at near and distance 
fixation and absence of stereopsis on the 
TNO stereo test. She had a hypopigmented 
appearance of the fundus with poor ophthal- 
moscopic definition of the foveal reflex. 
However, her skin was tanned and her hair 
and eyebrows were brunette. The diagnosis 
of ocular albinism was made. 

The patient underwent a 10-mm reces- 
sion of all four horizontal rectus muscles in 
one session. Immediately after surgery, she 
noted improvement of visual acuity. One 
year after surgery her corrected visual 
acuity was 20/80 OD, 20/70 OS, and 20/70 
OU. Her binocular near visual acuity was 
20/40. She remained orthotropic and was 
still stereoblind. Being a keen huntress, she 
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Fig 1.—Case 1, Binocular nystagmogram 
before (A) and after (B) surgery. Note the 
decrease of amplitude after surgery. 


was especially pleased by a considerable 
improvement of her markswomanship. A 
comparison of preoperative and postopera- 
tive ductions and versions showed minimal 
limitation of adduction in both eyes after 
surgery. The electronystagmogram record- 
ed 19 months after the operation showed 
a decrease of the nystagmus amplitudes 
(Fig D. 

CASE 2.—A 16-year-old white boy pre- 
sented with a complaint of “roving” eyes, 
poor vision, and light sensitivity. His best 
corrected visual acuity was 20/400 OD and 
OS and 20/200 OU at 6-m fixation distance. 
His visual acuity with both eyes open at 
33 em varied between 20/70 and 20/100 at 
different examinations. A cycloplegic re- 
fraction showed a simple myopia of —3.50 
spherical in the right eye and — 4.50 spheri- 
cal in the left eye. The patient had 30 prism 
diopters of esotropia at near and distance 
fixation with a V-pattern, measuring 
40 prism diopters in downward gaze and 
20 prism.diopters in upward gaze. Ductions 
and versions showed marked overaction of 
both inferior oblique muscles. Stereopsis 
was: absent. An electronystagmogram 
showed a manifest congenital nystagmus in 
primary position and lateral gaze. The nys- 
tagmus pattern with eyes in primary posi- 
tion is shown in Fig 2. oo 

-Slit-lamp examination showed aniridia in 


/coboth eyes and examination of the fundus 


revealed a poor ophthalmoscopic definition 
of the foveal wall reflex in both eyes. In the 
absence-of aniridia in the mother and of a 
positive family history for aniridia, the di- 
agnosis of autosomal dominant aniridia was 
made. The patient underwent an &mm 
recession of both medial rectus muscles to 
correct the esotropia. This caused ocular 
alignment at near and distance fixation, 
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Fig 2.—Case 2, Binocular nystagmogram 
before (A) and after (B) surgery. Note the 
decrease of amplitude but slight increase of 
frequency after surgery. 


with a persistent V-pattern in dewnward 
gaze. 

The patient returned 2 years later at age 
18 years with a variable conseeutive exotro- 
pia of 30 prism diopters at distance and 
erthotropia at near fixation. From a cos- 
metic point of view this consecutive devi- 
ation did not bother him but he hac become 
increasingly self-conscious abcut the roving 
eye movements and requested further sur- 
gery to make this problem less conspicuous. 

The second operation consisted of a bilat- 
eral inferior oblique myectomy to correct 
the V-pattern, additional recession of both 
medial rectus muscles of 4 mm, and a 
12-mm recession of both lateral recti to 
reduce the nystagmus amplitudes. Taking 
the effect of the first operation into account, 
all four horizontal rectus musdes were thus 
recessed a total of 12 mm behind their 
original insertions. 

Nine months after surgery the consecu- 
tive exotropia was unchanged and still did 
not present a cosmetic problem. The pa- 
tients visual acuity was now 29/206 OD and 
OS and with both eyes open. His near visual 
acuity was 20/40 and stereopsis was absent. 

The patient had noted a marked subjec- 
tive improvement of visual acuity, com- 
mented on his ability to read faster and 
recognize objects more quickly, and was 
pleased with the cosmetic result. The elec- 
tronystagmogram recorded 6 months after 
surgery showed a decrease of the nystag- 
mus amplitude but an inerease in its fre- 
quency (Fig 2). No limitation of duetions or 
versions was noted. The preoperative and 
postoperative visual acuities of patients 1 
and 2 are summarized in the Table. 

CASE 3.—A 5-year-old white boy pre- 
sented with a history of spina bifida, hydro- 
eephalus, and partial optic atrophy in the 
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Fig 3.—Case 3, Before surgery, fast phase to* 
the right in 30° dextroversion (A); fast phase 
to the right in primary position (B); and neutral 
zone in 30° levoversion (C). 


right eye. His uncorrected visual acuity was 
20/30 OD and OS at 6-meter fixation dis- 
tance and his near visual acuity was 20/20 
with both eyes open at 33-cm fixation dis- 
tance. He had no stereopsis.. Cycloplegic 
refraction showed an insignificant hyperme- 
tropic refractive error. The patient had a 
manifest congenital nystagmus. with an al- 
ternating face turn to the right or left, the 
direction of the face turn changing every 2 
to 3 minutes. With the head passively 
straightened, the patient developed inter- 
mittent esotropia of variable degrees (nys- 
tagmus dampening by convergence). 

The remainder of the eye examination 
results were normal except for a slight 
temporal pallor of the right optic nerve 
head. The diagnosis of periodic alternating 
nystagmus was made. The patient was fol- 
lowed up for nearly 2 years and the periodic 
alternating nystagmus remained unchanged 
during this time. However, an A-pattern 
exotropia that had developed in downward 
gaze responded well to a tenectomy of both 
superior obliques at age 7 years. At age 10 
years the patient had become sufficiently 
cooperative to undergo electronystagmo- 
graphy, which demonstrated the character- 
istically changing directional pattern of pe- 
riodie alternating nystagmus. Figure 3 
shows the nystagmus having a fast phase to 
the right in 30° dextroversion and in prima- 
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ry position. A neutral zone was present in 
30° levoversion and the patient assumed a 
face turn to the right of approximately 30° 
during this phase of the nystagmus. 

Three minutes later the direction of the 
nystagmus had shifted and the electronys- 
tagmogram showed a nystagmus with a fast 
phase to the left in the primary position and 
left gaze and marked decrease of the nys- 
tagmus in 30° dextroversion (Fig 4). During 
this phase the patient assumed a face turn 
of approximately 30° to the left. 

In an effort to dampen the nystagmus 
and improve the compensatory head posi- 
tion, an 11-mm recession of all four horizon- 
tal rectus muscles was performed. 

Six months later the alternating head 
turn was no longer present. The nystagmus 
pattern had changed dramatically inasmuch 
as there was marked improvement of the 
nystagmus with the eyes in the primary 
position (Fig 5). In 30° dextroversion the 





nystagmus was beating with a fast phase to 
the right, and in 30° leveversion the fast 
phase was to the left. 

The patient, who was 11 years of age at 
the time of this report, volunteered the 
information that his reading speed had 
much improved since the operation. His 
visual acuity was unchanged and he had 
remained orthotropic but still had no stere- 
opsis. Preoperative and postoperative duc- 
tions and versions in lateral gaze showed 
only moderate limitation of abduction and 
adduction of each eye (Fig 6). 


COMMENT 


The ability of the rectus muscle to 
rotate the eye depends on the leverage 
existing between the center of rotation 
and the line of pull of the muscle at the 
tangential point of contact with the 
globe." By retroplacing the muscle 
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Fig 4.~—Case 3, Before surgery, fast phase to 
the left in 30° dextroversion (neutral zone) (A); 
fast phase to the left in primary position {B}; 
and fast phase to the left in 30° levoversion 
(C). 
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Fig 5.—Case 3, After surgery, fast phase to 
the right in 30° dextroversion (A); decrease of 
nystagmus in primary position (B); and fast 
phase to the left in 30° levoversion (C). 


insertion behind the equator and thus 
posterior to the tangential point, the 
leverage is decreased and a given 
amount of muscle innervation will have 
less rotational effect on the globe. In 
cases of nystagmus this will cause its 
amplitude to decrease. Retroequator- 
ial recession of the horizontal recti 
reduced the nystagmus in cases 1 and 2 
and shifted the null zone from dextro- 
version and levoversion to the primary 
position in a patient with periodic al- 
ternating nystagmus (case 3). The im- 
provement of measurable visual acuity 
in cases 1 and 2 after reduction of the 
nystagmus was only modest, especially 
in case 2, and not too much emphasis 
should be placed on this unexpected 
benefit from the operation. It is well 
known that visual acuity in the pres- 
ence of nystagmus may vary during 
different examinations, depending on 
the patients effort and state of anxi- 
ety. Nevertheless, the subjective im- 
provement of visual acuity and espe- 
cially the reported ability to read and 
recognize objects more quickly is note- 
worthy and deserves further study. 
Cosmetic improvement was unques- 
tionable, however, and both patients 
were satisfied with the decrease of 
their nystagmus amplitude. 

In patient 3, who had periodic alter- 
nating nystagmus, surgical treatment 
brought relief of a compensatory ab- 
normal head posture because the im- 
provement of the nystagmus in prima- 
ry position relative to lateral gaze 
positions no longer forced the patient 
to assume a compensatory face turn to 
gain optimal visual acuity. This is of 
special interest because, in our experi- 
ence, medical treatment. of this condi- 
tion with baclofen” is rarely tolerated 
for a prolonged period on account of 
the side effects of this medication. 

Retroequatorial recession of an ex- 


Fig 6.—Case 3, Preoperative (top) and postoperative (bottom) dextroversion and levoversion. Note only moderate 
postoperative limitation of adduction. 
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traocular muscle can be expected to 
produce considerable slack of that 
muscle. Only long-term follow-up of 
patients thus treated will determine 
whether this slack causes secondary 
contracture and subsequent tightening 
of the muscles and, thus, recurrence of 
the nystagmus. However, it is reason- 
able to predict that provided the inner- 
vational impulses causing the nystag- 
mus remain the same, even a tight 
muscle will be incapable of exerting its 
preoperative rotational effect once the 
insertion has been positioned behind 
the equator of the globe. 

One may wonder why unconvention- 
ally large recessions of normally acting 
rectus muscles do not cause severe 
limitation of ocular motility. Such limi- 
tations must certainly be expected 
when recessing a single rectus muscle 
that far posteriorly because this will 
disturb the equilibrium of muscle 
forces between agonist and antagonist 
in favor of the unoperated antagonist. 
However, it appears from this study 
that simultaneous recession of two an- 
tagonistic rectus muscles does not up- 
set this balance, that excessively large 
recessions are tolerated well, and that 
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minimal (case 1) and moderate (case 3) 
postoperative limitations of ocular mo- 
tility were without functional 
significance. 

Because of the common experience 
in strabismus surgery that a recession 
of the medial rectus is more effective 
than a recession of the lateral rectus 
per millimeter of surgery, we did an- 
ticipate a consecutive exodeviation in 
our patients. Surprisingly, this did not 
occur. Patients 1 and 3 remained or- 
thotropie after surgery and the preex- 
isting exotropia in case 2 did not in- 
crease after the operation. Thus, the 
traditional view, according to which a 
given amount of recession of the medi- 
al rectus muscle is more effective than 
a recession of the lateral rectus, does 
not apply when both muscles are si- 
multaneously recessed. If congenital 
nystagmus is associated with strabis- 
mus, it may be prudent to perform 
strabismus surgery on the nonfixating 
eye and to limit nystagmus surgery to 
the fixating eye.” 

Finally, one may ask whether uncon- 
ventionally large recessions of both 
horizontal rectus muscles cause some 
degree of exophthalmes with widening 
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of the lid fissures. Although preoper- 
ative and postoperative exophthalmo- 
metric data were not collected in our 
patients, there was no cosmetically 
appreciable postoperative protrusion 
of the globe in the patients under 
study (Fig 6). 

The results reported in this study 
must be considered preliminary since 
no long-term follow-up data are avail- 
able. The possibility of a future reoper- 
ation on the horizontal rectus muscle 
cannot be excluded and the surgical 
manipulation of muscles recessed that 
far may pose problems for the less 
experienced surgeon. Nevertheless, 
our initial experiences with this proce- 
dure in patients with congenital nys- 
tagmus who desire relief from an 
embarrassing cosmetic handicap are 
encouraging, and there may be addi- 
tional indications for the surgery, 
such as acquired nystagmus with 
oscillopsia. 
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Microaerosol Formation in Noncontact ‘Air-Puff’? Tonometry 


James M. Britt, MD; Bradley C. Clifton; Howard 8. Barnebey, MD; Richard P. Mills, MD 


-© Attention has been directed recently 
to appropriate methods for sterilizing 
tonometers to inactivate the human im- 
munodeficiency virus and other viruses 
that have been found in tears. Noncon- 
tact tonometry, utilizing a brief pulse of 
pressurized air, is an alternative that 
avoids the need for sterilization proce- 
dures. We used a camera and flash elec- 
trically coupled to an American Optical 
Non-Contact Il tonometer (Cambridge in- 
struments Inc, Cambridge, Mass ) or a 
Keeler Pulsair tonometer (Keeler instru- 
ments Inc, Broomall, Pa) to photograph 
the corneal profile during tonometry. 
Most eyes revealed some degree of tear 
film dehiscence and microaerosol forma- 
tion. While tears have not been implicat- 
ed as a source of human immunodefi- 
ciency virus infection, the ease with 
which droplets, potentially contaminated 
with human immunodeficiency virus and 
other viruses, are dispersed is disturb- 
ing. “Alr-puff” tonometry may not be 
aseptic as previously presumed. 

{Arch Ophthalmol. 1991;109:225-228) 


iruses, including the human immu- 
nodeficiency virus, the etiologic 


-agent of acquired immunodeficiency 


syndrome, have been isolated from the 
tears of infected individuals.’ While 


tears have not been implicated in the 
Spread of human immunodeficiency vi- 


rus, concern about the possible trans- 
mission of viral infections during con- 
tact tonometry has generated 
recommendations for minimizing this 
risk through sterilization of tonometer 
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mology’s Clinical Alerts for February 1 
and February 2, 1985, and February 4, 
1988). Noncontact “air-puff’ tonome- 
try is a widely available and reliable 
alternative whereby corneal applana- 
tion is produced by a brief, controlled 
pulse of air.’ Sterilization procedures 
are obviated since no contact exists 
between the instrument and the eye. 
However, potentially infective drop- 
lets may be scattered with each pres- 
surized pulse of air. In this investiga- 
tion, we photographed the corneal 
profile during tonometry to determine 
if droplets are dispersed. 


MATERIALS AND METHODS 


We used color fluorescence photography 
on Kodak Ektachrome 400 film (Eastman 
Kodak, Rochester, NY) to allow detection 
of very small objects against a uniform 
background, and black-and-white photogra- 
phy on Kodak T-Max 100 film for excellent 
resolution and ease of contrast manipula- 
tion. A Donaldson Stereocamera (Model 
VII, Eye Research Foundation, Boston, 
Mass) or a Nikon F3 camera (105-mm ma- 
crolens, Nikon, Inc, Torrance, Calif) with 
dual flash attachments was electrically cou- 
pled to either an American Optical (AQ) 
Non-Contact H (NCT ID tonometer (Fig 1) 
(Cambridge Instruments Inc, Cambridge, 
Mass) or a Keeler Pulsair tonometer 
(Keeler Instruments Inc, Broomall, Pa). 
The AO NCT H tonometer uses a piston- 
generated air puff for applanation (Fig 2). 
The Keeler Pulsair pneumotonometer uses 
an electrical pump to generate a positive- 
pressure gradient within the air delivery 
system, which is then utilized to create an 
air impulse for applanation. We attached an 
adjustable triggering device to each tonom- 
eter so that synchronized activation of the 
flash occurred during tonometry. Kodak 
Wratten No. 47 (exciter) and No. 15 (barri- 
er) filters were used during fluorescence 
photography. Flash durations were 1/400th 
and 1/12 000th of a second for fluorescence 
and black-and-white photography, respec- 
tively. An aperture setting of [22 was used 
for maximum depth of field. 


Bight eyes of four normal volunteers for 
whom informed consent was obtained were 
photographed during air-puff tonometry 
with each instrument. Both the sub-30-mm 
Hg and supra-30-mm Hg modes, which 
detect intraocular pressures (IOPs) below 
and above 36 mm Hg, respectively, were 
used during tonometry with the Keeler 
Pulsair, Each eye received one drop of 
topical fluorescein sodium before fluores- 
cence photography. We used either drops of 
0.25% fluorescein sodium with 0.4% benox- 
inate hydrochloride or fluorescein paper 
strips moistened with. methylcellulose arti- 
ficial tears. As a control for the effect. of 
tear volume supplementation, we photo- 
graphed each eye during tonometry before 
the instillation of eyedrops and compared 
photographs of the same eyes after instilla- 
tion of one drop of methylcellulose artificial 
tears. To minimize the effects of disrupting 
the integrity of the native tear film, and 
possibly the corneal epithelium, from multi- 
ple tonometric measurements, photographs 
were taken of only one combination of to- 
nometer and photographic method each 
day. 


RESULTS 


Droplet scatter was demonstrated 
on most eyes photographed during 
noncontact air-puff tonometry. Despite 
a loss of resolution as compared with 
black-and-white photography, our fluo- 
rescence photographic technique is su- 
perior in documenting the presence of 
microaerosol particles. This method 
creates a uniformly dark background 
against which the fluorescing yellow 
droplets appear (Fig 3). Photographic 
documentation of droplet scatter with- 
out the use of fluorescing techniques 
proved difficult. Transparent droplets 
tend to assume the color of their back- 
ground, thus eliminating contrast. De- 
spite the improved resolution available 
with black-and-white photography, 
only relatively large droplets could be 
consistently recorded on film (Fig 4). 
The eyes receiving methylcellulose ar- 
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Fig 2.—Corneal profile of an eye during tonometry with the American Optical Non-Contact I] 
tonometer showing “air-puff’—induced corneal applanation. 


tificial tears showed somewhat more 
scatter than control eves, in which no 
topical drops were instilled, but there 
was definite scatter even in control 
eyes. No contamination of the pneu- 
matic port of either tonometer was 
observed. 

The amount of scatter observed with 
each tonometer was highly variable; 
with the Keeler Pulsair, it depended 
on the operating mode (sub-30 mm Hg 
vs supra-30 mm Hg) (Fig 5, top and 
bottom). While our study was not spe- 
cifically designed to compare quantita- 
tively the amount of microaerosol pro- 
duction by each pneumotonometer, 
droplet scatter, at least with normal 
IOPs, appeared less significant with 
the Keeler Pulsair in the sub-30-mm 


Hg mode. Both the Keeler Pulsair in 
the supra-30-mm Hg mode and AO 
NCT IH tonometers appear to produce 
consistently more microaerosol parti- 
cles (Figs 3, center, and 5, bottom). 

Reflex tear production by our con- 
trol subjects was quite variable. This 
was evident by the subjective aware- 
ness of variable reflex tearing after 
multiple tonometric measurements and 
was confirmed photographically. 


COMMENT 


The AO NCT II tonometer utilizes a 
piston-generated air impulse that in- 
creases linearly over the first 8 milli- 
seconds, after which it progressively 
decays. At the instant of applanation, 
the electric current supplying the 
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pneumatic system’s solenoid is inter- 
rupted, thereby minimizing the force 
of air impinging on the cornea.’ In 
reality, because of the mechanical de- 
lays in the piston system, there is an 
overshoot of approximately 16 mm Hg 
over and above the amount of pressure 
required for applanation (oral commu- 
nication, February 10, 1989, Cam- 
bridge Instruments Inc). The diameter 
of the applanated corneal area at end 
point is 3.6 mm, which, according to 
the Imbert-Fick principle, translates 
to 1.4 g of force necessary for the 
applanation of each 10 mm Heg of IOP’ 
Therefore, applanation of eyes within 
the normal range of [OP (10 to 20 mm 
Hg) requires between 1.4 and 2.8g of 
force or 26 to 36 mm Hg of applanating 
pressure with the AO NCT H 
tonometer. 

The Keeler Pulsair utilizes an elec- 
trical pump to generate a pressure 
gradient within the delivery system 
and then applies a ramped air impulse 
to the cornea for applanation.” Two 
modes of action are provided that allow 
detection of IOP over a broad range, 
from 0 to 60 mm Hg. The sub-380-mm 
Hg mode utilizes an impulse that 
reaches a maximum of approximately 
30 mm Hg for determining IOP in the 
range of 0 to 30 mm Hg. The su- 
pra-30-mm Hg mode utilizes an im- 
pulse that reaches a maximum of ap- 
proximately 60 mm Hg for IOPs above 
30 mm Hg.” The sub-30-mm Hg mode 
allows lower IOPs to be tested with a 
less forceful impulse. Unlike the AO 
NCT II tonometer, there is no auto- 
matic deactivation once applanation 
has occurred (oral communication, 
February 10, 1989, Keeler Instru- 
ments Inc). The diameter of the ap- 
planated area is 3.0 mm and, like Gold- 
mann contact tonometry, requires 1.0g 
of force to applanate each 10 mm Hg of 
IOP (personal communication, Keeler 
Instruments Inc). Eyes within the nor- 
mal range of IOP receive approximate- 
ly 3g force or 30 mm Hg when applan- 
ated with the Pulsair (sub-30-mm Hg 
mode). Applanation of eyes with the 
supra—30-mm Hg mode utilizes 6g of 
force or 60 mm Hg. The IOP is propor- 
tional to the time of applanation after 
the initiation of the ramped air pulse. 

The amount of pressure utilized by 
either the AO NCT II or the Keeler 
Pulsair (sub-30-mm Hg mode) for ap- 
planation of eyes with normal IOPs is 
similar. We would therefore expect 
equivalent formation of microaerosol 
particles. The subjective observation 
of more microaerosol droplets with the 
AO NCT II may relate to the wider, 
less collimated air jet with the AO 
instrument. Utilization of the Keeler 


Air-Puff Tonometry — Britt et al 















































Fig 3.—Top, Corneal profile of an eye before tonometry with the 
American Optical Non-Contact Il tonometer. Topical fluorescein sodi 
um was instilled before tonometry. The pneumatic port is faintly visible 
to the left of the photograph. Center, Corneal profile of the same eye 
during tonometry showing droplet dispersion. Bottom, Corneal profile 
after tonometry demonstrating residual tear droplets on the periocular 
skin surface. 
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Fig 4.—Corneal profile during tonometry with the American Optical 
Non-Contact li tonometer of an eye receiving no tear volume supple- 
mentation. Arrows indicate droplets dispersed during tonometry. 

















Fig 5.—Corneal profile of an eye during tonometry with the Keeler 
Pulsair tonometer in the sub-30-mm Hg mode (top) and the su- 
pra~30—-mm Hg made (bottom). Each eye received topical fluorescein 
sodium before tonometry. 
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Pulsair in the supra-30-mm Hg mode 
for applanation of eyes with normal 
IOP subjects the cornea to a more 
forceful impulse. It seems logical that 
more microaeroso! particles would be 
liberated at this setting. 

Each particle recorded on film dur- 
ing fluorescence photography has an 
elongated and tapered appearance, 
best explained in terms of variable 
flash intensity over time. While there 
is a very rapid initial rise in flash 
luminance, the decline is gradual. As 
the droplet travels through the air 
during the period of film exposure 
(1/400th of a second), it is relatively 
overexposed initially but later be- 
comes relatively underexposed. 

As determined by extrapolation 
from the elongated axis of each parti- 
cle, most microaerosol droplets origi- 
nate from the tear lake along the lower 
eyelid margin (Fig 3, top). Previous 
authors have demonstrated a redirec- 
tion of the air pulse toward the con- 
junctival fornices after contact of the 
airstream with the cornea,’ and we 
consistently observed significant sepa- 
ration of the eyelid margin from the 
sclera during tonometry (Figs 2 and 4). 
It is possible that some droplets origi- 
nate from tears lying in the conjuncti- 
val fornices and are expelled when the 
eyelids are distended away from the 
globe, but most originate from the 
inferior tear lake. 

Significant microaerosol formation 
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was noted on most eyes during noncon- 
tact tonometry. However, droplet 
scatter was artificially increased when 
normal tear volume was supplemented 
by instillation of topical fluorescein or 
methylcellulose artificial tears. In eyes 
not receiving fluorescein, only compar- 
atively large droplets could be seen 
owing to photographic limitations. 
Eyes receiving no topical drops still 
showed significant scatter, but usually 
to a lesser degree. The extent of mi- 
croaerosol formation is probably a 
function of tear volume. 

Reflex tear production was highly 
variable among our control subjects. 
At times, natural tear volume ap- 
proached or exceeded the tear volume 
of eyes receiving topical fluorescein or 
artificial tears, particularly after one 
or more tonometric measurements. 
The recommended practice of obtain- 
ing an average of several noncontact 
tonometric measurements per eve 
may, at least after the initial measure- 
ment, stimulate tear production and 
inerease microaerosol formation. 

Human immunodeficiency virus in- 
feetion has never been linked to con- 
tact with ocular secretions, but previ- 
ous studies have traced adenovirus 
transmission to ocular manipulations 
or instrumentation followed by inade- 
quate hand washing or sterilization of 
instruments, including contact tonome- 
ter heads.*”"" Noncontact air-puff to- 
nometry has been proposed as a reli- 
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able alternative for use on patients 
with contagious external eye disease 
because it avoids contact with infected 
tissue.“” However, potentially con- 
taminated droplets are dispersed dur- 
ing each tonometric measurement. It 
has been suggested that aerosol trans- 
mission of adenovirus types 3 and 7 
from the respiratory tract to the eye is 
responsible for the majority of sporad- 
ic cases of adenovirus keratoconjuncti- 
vitis.” Previous work has shown a 
biologic inactivation rate of 1.5% and 
0.82% per minute for viral aerosols 
containing adenovirus types 4 and 7, 
respectively, at a relative humidity of 
80%." It is unclear how this relates to 
the infectivity potential of airborne 
viruses in an eye-care facility, but the 
relative stability of some viruses in 
aerosol at least raises the possibility of 
airborne transmission to the examin- 
ing physician, ancillary personnel, of- 
fice equipment, examination instru- 
ments, or family members present 
during the examination. Air-puff to- 
nometry may not be aseptic as previ- 
ously presumed. Further studies are 
needed to clarify this issue. 
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Visual Evoked Potentials and Visual 
Prognosis Following Perinatal Asphyxia 


Daphne L. McCulloch, PhD; Margot J. Taylor, PhD; Hilary E. Whyte, MD 


è. Twenty-five children born at term 
with perinatal asphyxia were studied at 
age 2.5 to 4.5 years to evaluate visual 
function and to determine the prognostic 
value of postnatal assessments of visual 
outcome. Postnatal assessments includ- 
ed several visual evoked potentials and 
electroretinograms in the first week of 
life. Follow-up assessments included 
flash and pattern visual evoked poten- 
tials, visual evoked potential threshoid 
measurements, and clinical eye examina- 
tions. Nineteen children had normal visu- 
al function, three were visually impaired, 
and three remained blind. A strong asso- 
ciation was found between normal, ab- 
normal, or absent visual evoked poten- 
tials in the early postnatal period and 
long-term visual outcome (P<.0001). 
Other perinatal indicators of asphyxia, 
including neurologic status, Apgar 
scores, and arterial pH values, were poor 
predictors of visual outcome. The risk of 
visual impairment was limited to those 
survivors with neurodevelopmental defi- 
cits. 

(Arch Ophthaimol. 1991;109:229-233) 


B irth asphyxia leading to hypoxic 
ischemic encephalopathy is the ma- 

jor cause of permanent “cortical visual 
impairment,” that is, visual loss unex- 
plained by ocular findings. In retro- 
Spective studies of children with per- 
manent cortical visual impairment, 
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30% to 50% of cases are attributed to 
birth asphyxia.” However, the visual 
prognosis among children who suffered 
perinatal asphyxia has not been 
established. 

Visual prognosis is a function of the 
severity of the hypoxic ischemic injury 
to the visual system and the degree of 
recovery. However, recovery is proba- 
bly directly related to the extent of the 
initial injury. Thus, an early measure 
of the degree of hypoxic ischemic inju- 
ry could indicate visual prognosis. 
Markers of perinatal asphyxia that are 
useful in establishing the prognosis for 
survival and neurodevelopmental out- 
come include radiologic findings,” neu- 
rologic status, and Apgar scores.‘* 
These may be useful in establishing 
visual prognosis; however, visual 
evoked potentials (VEPs) recorded in 
the early postnatal period have greater 
potential utility because they are a 
measure of the functional integrity of 
the visual pathway and because VEPs 
are correlated with neurodevelopmen- 
tal outcome in “high risk” infants” and 
infants with perinatal asphyxia.” 

In children who have suffered peri- 
natal asphyxia, vision often cannot be 
assessed by routine visual acuity tests 
because of age or associated neurode- 
velopmental disorders. Visual evoked 
potentials to pattern stimuli are useful 
measures of visual function in young 
children and patients who cannot re- 
spond to acuity testing.“ Although 
VEPs to flash stimulation are poor 
indicators of visual function in cortical 
visual impairment,” pattern VEPs 
are closely correlated with visual func- 
tion in these patients." In the present 
study, the long-term visual outcome in 
a group of term-asphyxiated infants 
was investigated by clinical examina- 
tion, acuity testing, and pattern 


VEPs. The visual prognosis and the 
value of several postnatal markers, 
including VEPs, for predicting visual 
outcome were evaluated. 


PATIENTS AND METHODS 


We identified 46 infants born between 
October 1984 and October 1986 with a diag- 
nosis of birth asphyxia. All infants met the 
following criteria: (1) born at term (greater 
than 37 weeks’ gestation) and weighing 
over 2500 g, and (2) perinatal asphyxia, 
including infants with an Apgar score of 
less than 3 at 10 minutes, or two of the 
following: an Apgar score of less than 6 at 5 
minutes; evidence of intrauterine asphyxia 
as manifest by arterial blood pH of less- than 
7, by late decelerations in fetal monitoring, 
or by meconium staining; or clinical evi- 
dence of asphyxia, such as altered tone, 
altered consciousness, or seizures. 

All infants were admitted to the neonatal 
intensive care unit at the Hospital for Sick 
Children in Toronto, Canada, when they 
were less than 24 hours old. The clinical 
abnormality of each infant was determined 
on admission as either mild, moderate, or 
severe, depending on the degree of enceph- 
alopathy.” Mild encephalopathy included 
infants with altered conscious states and 
altered tone; moderate, infants with the 
characteristics of mild encephalopathy as 
well as seizures; and severe, comatose in- 
fants with absent spontaneous respiration. 
Neurologic examinations were performed 
daily until discharge. Infants with moderate 
and severe encephalopathy underwent cra- 
nial ultrasound studies, electroencephalog- 
raphy, and cranial computed tomography 
within the first 10 days of life. 

Postnatal VEPs were recorded from a 
single active electrode at O, referenced to 
F, The stimulus was a binocular flash from 
light-emitting diode goggles that were held 
lightly over the infants’ eyes. Flashes were 
presented at 0.5 per second. Gold cup elee- 
trodes were attached with paste and tape, 
with impedances below 5kQ. A band pass of 
1 to 100 Hz was employed, the gain was 
10 000, the sweep was 1 second, and an 
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automatic artifact reject routine was em- 
ployed. Visual evoked. potentials were. re- 


~~ corded at least once in the first 48 hours 


` after admission, and two to six times inthe 
first 7 days. The VEPs were compared with 
established normative values for neonates.” 

Postnatal VEPs were graded as (1) nor- 
mal, (2) unusual waveform, (3) delayed la- 
tency, (4) missing components, (5) delayed 
latencies and missing components, and 
(6) absent. These grades were used to place 
the subjects into the following four groups 
based on all VEPs recorded in the first 7 
days of life: normal throughout, normal 
with transient abnormality (grades 2 to 5 
with normal VEP studies in the first week 
of life), abnormal (all studies were graded 
from 2 to 5), and absent (VEPs were absent 
at least once in the first week of life). The 
neurodevelopmental outcome at 6 months of 
age relative to the postnatal VEPs has 
previously been reported.” 

From the original group of 46 children, 25 
were recruited for this visual follow-up 
study. Of the 21 children not included, 13 
died, one survivor requiring life support 
was unable to participate, and seven were 
. unavailable for follow-up. Follow-up, con- 
ducted between 2.5 and 4.5 years of age 
consisted of the following. 

1. Transient VEPs were presented at 
two alternations per second to flash, and 
phase alternating checkerboards of large 
(120 minutes of arc [120']) and small checks 
(18’). 

2. Steady-state VEPs were recorded to a 
sequence of phase-alternating checks pre- 
sented at six alternations per second. These 
were analyzed by time-locked averaging 
and by rapid frequency detection using 
power and phase information to optimally 
detect VEPs.” A sequence of checks was 
presented to determine the smallest check 
size that would produce a detectable VEP. 

3. Clinical eye examinations included ob- 
servation of fixation, following ocular motil- 
ity, pupillary reflexes, refraction, and fun- 
dus examination. In cooperative children, 
single-letter visual acuity was measured. 

An age-matched control group of 11 chil- 
dren with no significant birth history or 
visual anomaly was tested with the same 
sequence. The testing procedures were ex- 
plained to a parent of each subject who 
volunteered to participate and a consent 
form was signed. Visual outcome was classi- 
fied into three groups based on measured or 
estimated visual acuity. 

1. Normal outcome was defined by a 
single letter visual acuity of 6/9 or better (in 
those children able to undergo visual acuity 
testing) and by VEPs within normal limits, 
including normal P100 latencies of the tran- 
sient VEPs to flash, large- and small-check 
stimuli, and steady-state VEPs detected to 
18’ checks or smaller. Mild visual abnormal- 
ities that did not produce significant visual 
handicaps were included with the normal 
group. 

2. The visually impaired group included 
children who were able to fixate and follow 
and had normal VEPs to flash stimuli, but 
had abnormal or absent patterned VEPs 
and abnormal steady state VEPs (checks of 
36’ or larger were required for detection). 

3. Subjects were classified as‘ blind if 
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Fig 1.—Transient visual evoked pcientials (VEPs) are shown for a patient who suffered 
moderate asphyxia. Left, Normal neenatal VEPs to flash stimulation were recorded on days 1 
and 2 after birth. A normal study: (not shown) was also recorded on day 6. Right, On follow-up at 
age 33 months, VEPs were normal to flash, large checks (120’) and small checks (18’) with 
P100 latencies of 100, 105, and 120 milliseconds respectively. 
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Fig 2.— Transient visual evoked potentials (VEPs) are shown for a patient who had moderate 
birth asphyxia. Left, Neonatal flash VEPs were within normal limits on day 1 (not shown), absent 
on day 2, and recovered to within normai limits on day 6. The small negative peak at 60 
milliseconds is the electroretinogram that is sometimes recordable from the F, reference 
electrode. Right, On follow-up at age 4 years, the patient had cerebral palsy, mental retardation, 
and visual impairment. Transient VEPs to flash are clearly reproducible with a P100 latency of 
95 milliseconds. Pattern VEPs are absent to large 120’ checks. 


they were unable to fixate or follew, and 
had a very abnormal or absent flash VEP 
with no recognizable VEP to either tran- 
sient or steady-state patterned stimali. 


RESULTS 


In the early postnatal period, nine 
patients had normal VEPs (Fig 1, left), 
seven showed transient abnormalities, 
three were abnormal throughout the 
first week, and six had absent VEPs 
within the first week (Figs 2, left, and 
3, left). All patients with normal post- 
natal VEPs or transient VEP abnor- 
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malities recovered normal vision or 
had only mild visual abnormalities. 
Two of three patients with abnormal 
postnatal VEPs recovered fully. Only 
one of six patients with an absent 
postnatal VEP recovered normal vi- 
sion. The visual outcomes are summa- 
rized in Table 1. 

The majority of subjects (19 of 25) 
recovered normal visual function as 
shown by examination, acuity mea- 
surement, and VEPs. Figure 1, right, 
shows typical transient VEP data from 
a child with normal visual function. 
Average P100 latencies for all 19 chil- 
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dren who recovered normal visual 
function were 108, 106, and 112 milli- 
seconds for flash, 60’ checks, and 18' 
checks, respectively. These did not 
differ from those of our controls. Fig- 
ure- 4 shows steady-state VEPs to 
small (18°) check stimuli in two pa- 
tients with normal vision. Both control 
subjects and patients with birth as- 
phyxia had a median value of 12’ for 
the smallest stimulus to produce a 
detectable VEP. 

Two children included in the normal 
vision group had mild abnormalities 
involving the visual system. One child 
had accommodative esotropia and la- 
tent nystagmus with normal visual 
acuities and VEPs. The other child had 
one-octave elevation in visual acuity 
(6/18), and an elevation in the smallest 
check size needed to record a detect- 
able steady-state VEP (36’). Thus, 19 
children had normal or near normal 
visual function. Of the remaining six 
children, three were visually impaired 
and three were blind. Transient and 
steady-state VEPs recorded from vi- 
sually impaired and blind children are 
illustrated in Figs 2, 3 and 4. 

In the six patients with abnormal 
vision, blindness and visual impair- 
ment appeared to be primarily the 
result of dysfunction of the visual cor- 
tex and/or posterior visual pathways. 
However, most of these patients also 
had abnormalities of the anterior visu- 
al structures, although these were not 
sufficient to account for the degree of 
their visual loss (Table 2). All patients 
had intact pupillary reflexes, although 
these were noted to be sluggish in two 
of the three blind children. All three 
visually impaired children could fixate 
and follow. One blind child had light 
perception and could fixate on a light, 
but followed poorly and could not fix- 
ate on objects, even at close range. 
The other two showed no visual re- 
sponsiveness. All of the blind and visu- 
ally impaired children had optic nerve 
abnormalities, hypoplasia, or mild to 
moderate optic atrophy. Five of these 


~ six children also had substantial myo- 


pic and/or astigmatic refractive errors. 
Two children had an atrophic retinal 
appearance with granular pigmenta- 
tion and an absent foveal reflex. Three 
children had manifest nystagmus, and 
one had latent nystagmus. All of the 
blind children and two of three visually 
impaired children had esotropia. 
Blindness and visual impairment 
were always associated with abnormal 
neurologic outcomes. All six children 
had severe cerebral palsy and mental 
retardation. Among the children with 
normal vision, only two of 19 had cere- 


bral palsy and mental retardation. The 
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Fig 3.— Transient visual evoked potentials (VEPs) are shown for a patient who suffered 
moderate asphyxia and remained cortically blind. Left, Neonatal flash VEPs were absent on day 
2, recovered with missing components on days 3 (not shown) and 5, and were absent again on 
day 6. Right, On follow-up at age 4.5 years, the patient had severe cerebral palsy, mental 
retardation, and moderate optic atrophy. Flash VEPs were very delayed and poorly developed, 
possibly with a peak at 185 milliseconds. Pattern VEPs are absent. 
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other 17 children were developmental- 
ly and neurologically normal. Thus, 
there were no children with significant 
visual deficits without significant neu- 
rodevelopmental impairment. Howev- 
er, two of eight handicapped children 
had no visual impairment. 





In asphyxiated infants, there is a 
strong association between the flash 
VEPs recorded in the postnatal period 
and the long-term visual outcome. 
Normal or mildly abnormal VEPs in 
the first week of life were consistently 
associated with recovery of normal vi- 
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Fig 4.—Steady-state (SS) VEPs are shown for five patients with signal averaging in the time 
domain (left) and signal detection in the frequency domain (right). The three upper traces show 
the SS VEP to small (18’) checks for patients with normai vision. Patient 1 showed an SS VEP 
with the entire signal energy at the stimulus rate of six alternations per second. Signai-to-noise 
ratios (SNRs) are given for the stimulus alternation rate and for the first and second harmonics 
(12 and 18 Hz). Patient 2 had a VEP signal at 6 Hz and at its harmonics 12 and 18 Hz. Patient 3 
had a VEP signal at the 12-Hz harmonic and he had higher VEP noise levels because he had 
cerebral palsy and generated more muscle artifact. Patient 4 was visually impaired. Large 
checks (90’) produced a detectable SS-VEP but this was not recordable to smaller checks. 
Patient 5 (lower traces) was blind and had no detectable SS VEP. 


sual function. Only three of nine chil- natal VEPs identified infants at risk 


dren with abnormal or absent postna- 
tal VEPs recovered normal vision, as 
summarized in Table 1. The coefficient 
of concordance between postnatal 
VEP and visual outcome is highly sig- 
nificant (Kendall’s +=0.77; P<.0001). 
In this group, abnormal or absent post- 


for visual impairment with a sensitiv- 
ity of 100% and a specificity of 84%. 
The positive and negative predictive 
values of abnormal or absent postnatal 
VEPs are 67% and 100%, respectively. 
Study of a larger population is re- 
quired to support the very high sensi- 
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tivity and negative predictive value 
found in this study. 

Several other indicators of postnatal 
condition were tested for prognostic 
value. The degree of encephalopathy 
graded on admission was only a weak 
indicator of visual outcome (y° = 9.07; 
P<.10). However, children with se- 
vere encephalopathy are poorly repre- 
sented in this study. Only three of 14 
original patients with severe asphyxia 
survived to the age of 2 years, and only 
one of these children was able to par- 
ticipate in the study. Neither patients 
with Apgar scores lower than 3 at 1 
minute nor those with scores lower 
than 3 at 5 minutes had a poorer visual 
prognosis than patients with higher 
Apgar scores (y° values of 1.9 and 0.12, 
respectively, are not significant). Aci- 
dosis as measured by the pH of the 
initial arterial blood sample was not an 
indicator of visual outcome, although 
some variability may have been intro- 
duced into the pH data because arteri- 
al blood samples were obtained at vari- 
able times after birth. Initial arterial 
pH values for the visually impaired 
and blind patients fell entirely within 
the range of values measured for the 
patients who recovered normal vision 
(pH 6.77 to 7.37). 


COMMENT 


In newborn lambs, Woods et a” 
have shown that 8 minutes of experi- 
mentally induced fetal asphyxia causes 
acidosis and suppression of the VEP, 
with recovery to normal values occur- 
ring within 30 minutes in five of six 
survivors, The VEP recovered partial- 
ly, then was lost in a fetal lamb that 
died of hypoxic ischemic encephalepa- 
thy. Visual evoked potential changes 
did not directly parallel changes in 
cardiovascular, blood gas, or acid-base 
status and may reflect a unique mea- 
sure of neurologic function. In our 
patients with perinatal asphyxia, the 
VEP recordings were made after re- 
suscitation and stabilization had taken 
place. Thus, the VEP abnormalities 
and suppression recorded 1 to 7 days 
after birth probably do not reflect the 
initial hypoxic events, but appear to 
reflect neurologic damage. 

Serial recordings of VEPs in the 
early postnatal period are essential to 
document infants with deterioration or 
recovery within the first week of life. 
Using our methods, VEPs recorded in 
the early postnatal period were excel- 
lent prognostic indicators of visual out- 
come in full-term infants with perinatal 
asphyxia. Visual outcome could not be 
predicted from Apgar scores, the de- 
gree of encephalopathy as determined 
by neurologic examination, or by the 
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degree of acidosis determined from the 
initial arterial blood pH. Lambert et al’ 
found that computed tomographic and 
magnetic resonance imaging abnormal- 
ities in the region of the optic radia- 
tions correlated with visual recovery in 
children with hypoxic insults. Nine of 
their 30 patients were term infants 
with birth asphyxia and, for this sub- 
group, the data show no association 
between visual recovery and radiologic 
abnormalities of either the optic radia- 
tions or the striate or parastriate corti- 
ces. Their study differed from the cur- 
rent study in that they included only 
patients with “cortical visual impair- 
ment” and excluded patients who re- 
covered fully. 

We conclude that the majority of 
survivors of perinatal asphyxia recov- 
er fully with no visual or neurologic 
deficits and that only those patients 
with obvious morbidity are at high risk 
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for visual impairment. However, our 
numbers are not enough to rule out the 
possibility that there is a continuum of 
subtle visual deficits among apparently 
recovered patients. Visser et al” re- 
ported a small, but statistically signifi- 
cant, correlation between latencies of 
the flash VEP at age 5 years and 
neurologic status at birth in a large 
population screening study. Early vi- 
sion assessments are recommended for 
patients with perinatal asphyxia and 
abnormal postnatal VEP studies so 
that programs appropriate for visually 
impaired infants can be initiated. 

The diagnosis of cortical blindness or 
cortical visual impairment should be 
made with caution in survivors of birth 
asphyxia. Although dysfunction of the 
visual cortex or posterior visual path- 
ways is presumed to be the principal 
cause of visual loss, we found a high 
incidence of significant lesions to the 
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anterior visual pathways. Other au- 
thors have reported similar rates of 
optic atrophy, optic nerve hypoplasia, 
and retinal atrophy among the cortical- 
ly visually impaired.” It is not clear 
whether lesions to the anterior visual 
structures result from the primary 
hypoxic ischemic insult or from retro- 
grade degeneration or both. Clearly, 
the visual impairment and blindness in 
this population has multiple causative 
factors including lesions of the anterior 
and posterior visual pathways. In addi- 
tion, motor and cognitive dysfunction 
can further impair visual response and 
apparent visual function. 
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Controversies in Ophthalmology 





Affiliation Between Hahnemann University and 
Pennsylvania College of Optometry 


his article outlines the nature, describes the imple- 

mentation process, and summarizes the status of 
operations to date of the affiliation between Hahne- 
mann University (HU) and the Pennsylvania College of 
Optometry (PCO). 

Health care financing and provision are issues that 
affect virtually every individual in the United States 
today. As health care costs continue to rise, providers, 
third-party payers, and patients alike actively seek 
more effective and efficient provision systems. If pro- 
viders fail to provide quality and cost-effective health 
care, they will be left behind in the increasingly compet- 
itive market. Similarly, if patients and third-party pay- 
ers do not use more effective and efficient systems, they 
will assume an even greater share of the rising health 
care expense. 


See also p 238. 


Affiliation between professional institutions pre- 
sents numerous opportunities for enhancing the educa- 
tion and clinical training of students, residents, and 
practitioners. Institutions that are developing their 
respective professions can collaborate in many ways of 
mutual interest. 
Two Philadelphia health care institutions located 
within 9 miles of each other, HU and PCO, cognizant of 
the changing health care environment and the possible 
benefits of collaborative education, have begun to ex- 
plore new approaches to patient care provision and 
-ophthalmic education. On March 2, 1988, the two insti- 
tutions signed an agreement for an affiliation. The 
agreement, effective July 1, 1988, proposes that the 
professions of medicine and optometry combine re- 
“sources to develop unique approaches to ophthalmic 
education, eye care provision, and ophthalmic 
research. 


THE CONTEXT AND THE DECISION TO AFFILIATE 
Ophthalmology and optometry have existed as sepa- 
rate, often antagonistic, professions since their incep- 
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tions, so why affiliate now? The impetus comes from 
outside parties—particularly third-party payers, 
health care policymakers, and legislators—who will 
attempt to define the roles each profession will play in 
the future of eye care provision if the two professions do 
not actively define these roles themselves. The ophthal- 
mology community maintains that the diagnosis and 
treatment of eye disease should be restricted to physi- 
cians. The optometry community, on the other hand, 
proposes that optometrists should be the primary eye 
care providers and should offer an even greater range of 
eye care services than they do now. Interprofessional 
disputes involving the treatment of eye disease by op- 
tometrists, preoperative and postoperative manage- 
ment, and the use of laser technology in refractive 
treatment remain unresolved in many areas of this 
country. Debates in journals and in legislative cham- 
bers, however, may or may not produce satisfactory. 
outcomes for either profession. In our opinion, the time 
has come for ophthalmologists and optometrists alike to 
acknowledge that through collaborative efforts the two 
professions can define a future for eye care provision 
that will satisfy their needs as well as those of patients 
and policymakers. 

Pennsylvania College of Optometry, which gradu- 
ates approximately 140 optometrists each year, and 
HU, comprising a medical school, graduate school, 
school of health sciences and humanities, and a teaching 
hospital, considered the potential benefits of a coopera- 
tive arrangement between the professions of medicine 
and optometry. In 1987, they began to explore the 
possibility of an affiliation. Such an affiliation was un- 
precedented and, given the political environment, high- 
ly controversial. Therefore, before agreeing to proceed 
with the affiliation discussions, representatives of both 
institutions considered the following issues. 

1. How will the professional communities respond to 
the affiliation? 

2. How will alumni 
respond? 


and other constituencies 
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3. Should the services rendered under the affiliation 
be marketed? How will the professional communities 
react to joint marketing efforts? Will the managed 


< health care systems accept a joint provision model? 


-4. What are the roles of ophthalmology and optome- 
try in primary eye care? 

5. How will patients be managed under the terms of 
the affiliation agreement? 

6. Will the model of patient care provision defined by 
the affiliation be in compliance with state and federal 
laws and regulations? 

7. Will the affiliation create competition between 
ophthalmology residents and optometry students for 
primary care encounters? 

8. How will the introduction of new technology, such 
as lasers, be administered under the terms of the 
affiliation? 

9. What is the proper and ethical role for each insti- 
tution in the areas of patient management and financial 
arrangements? 

10. What are the positive and negative consequences 
of such an affiliation? 

Of these issues, those involving the reactions of 
health care communities were perhaps the most sensi- 
tive. Some ophthalmologists feared that the affiliation 
would undermine ophthalmology’s role in primary eye 
care. Locally, some ophthalmologists threatened to re- 
fer patients elsewhere if HU proceeded with the affili- 
ation; in fact, a number of ophthalmologists did stop 
referring patients after the affiliation took effect. Na- 
tionally, some ophthalmologists voiced their disdain for 
a cooperative agreement between medicine and optom- 
etry (Argus. November 1988:8, June 1989:4, and De- 
cember 1989:22). Optometrists nationwide questioned 
whether or not the affiliation would place their profes- 
«Sion in a subordinate role to ophthalmology. 


Alumni of HU voiced their disagreement with the 


affiliation through letters, telephone calls, and refusals 
to continue to support the school financially; PCO alum- 
cni; on the other hand, tended to view the affiliation 
positively. 
Given the emotional nature of the affiliation, the 
marketing issue was all the more troublesome, and the 
planning stages proceeded with deliberation. The first 


_ efforts at marketing involved educational radio an- 
- Mouneements, simply informing the public that the two 
institutions now offered joint services. These proved 
_ Successful in piquing the interest of potential patients 
_ and third-party payers, such as health maintenance 
organizations. Marketing in the future will use both 


radio and newspaper media. 

Issues regarding the provision of services and the 
roles of ophthalmologists, optometrists, students, and 
residents are addressed in a series of protocols, which 
will be discussed in greater detail below. Currently, 
these protocols are in draft form and are revised as 
necessary. However, they still constitute the backbone 
of the affiliation, and set the rules by which we operate. 
If care is not provided according to the terms of the 
protocols, the affiliation will fail, perhaps causing irrep- 
- arable damage to the future relationship between oph- 
- thalmology and optometry. 
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Recognizing a mutual desire to influence the future 
direction of the eye care professions, the two institu- 
tions decided to move ahead with the affiliation despite 
the risks and expected negative reactions. A primary 
goal of the affiliation is to define the role each profession 
will play in the changing environment. before third- 
party payers and regulatory agencies mandate new 
policies. By engaging in curriculum discussions and in 
joint research efforts, the institutions hoped to enhance 
their own educational and research programs and, at 
the same time, design a health care provision system 
that would become a national model acceptable to all 
parties: ophthalmologists, optometrists, patients, and 
policymakers. 


THE AGREEMENT 


Philosophically committed to the affiliation, repre- 
sentatives of the two institutions began to define the 
elements of the agreement. It was decided that the firm 
foundation and base of the agreement would be educa- 
tion, on which other aspects of the agreement would be 
built. Many months of negotiations culminated in the 
written agreement to affiliate. Salient aspects of the 
agreement are summarized below: 

1. Each institution will retain autonomy over its op- 
erations and finances. 

2. An Affiliation Executive Committee will provide 
guidance, advice, and oversight on matters relating to 
the affiliation, including education, research, clinical, 
and administrative issues. 

3. The Chairman of the Department of Ophthalmolo- 
gy at HU and the Dean of Academie Advancement at 
PCO will be responsible for administering the 
affiliation. 

4. Appointments to the faculty or staff of either insti- 
tution will be made in accordance with the policies and 
procedures of each institution. 

5. On request, the clinical faculty and house staff at 
HU will provide consultative subspecialty medical/sur- 
gical services to the patients of PCO in a location dedi- 
cated to subspecialty care. Consultative subspecialty 
services will be provided for a full spectrum of medical 
ophthalmic conditions, including, among others, cata- 
racts, cornea and external disease, diseases of the ocu- 
lar adnexae, diseases of the retina and vitreous, glauco- 
ma, neuro-ophthalmic disease, ocular trauma, pediatric 
ophthalmic disease, and strabismus. In addition, HU 
will provide continuous emergency medical/surgical 
backup services to patients of PCO. 

6. Clinical faculty, residents, and other staff at PCO 
will provide consultative optometric, vision rehabilita- 
tive, and other services to patients of HU on request. 
Consultative optometric services will include contact 
lens evaluation and fitting, low-vision rehabilitation, 
eyeglass dispensing, orthoptics, and learning and dis- 
ability evaluation and treatment. 

7. Patients will be referred to HU or to PCO, as 
appropriate, when such referrals are in the best inter- 
est of the patient, are agreed to by the patient, and are 
consistent with applicable laws and regulations, such as 
those mandated by the Medicare and Medicaid pro- 
grams and by professional ethics. 
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8. Students at HU, with approval from the dean of 
the School of Medicine, may take courses taught by 
PCO faculty. Likewise, PCO students, with the ap- 
proval of their dean of Academic Advancement, may 
take courses taught by HU faculty. 

9. The faculties of both institutions will engage in 
joint educational programs, such as didactic and con- 
tinuing education lectures, clinical preceptorships, 
seminars, electives, and grand rounds. 

10. The faculties of both institutions may participate 
in joint research efforts. Joint research programs will 
be approved and administered in accordance with the 
policies and procedures of each institution. 

11. The faculty and administration of both institu- 
tions will seek to develop new and innovative health 
care provision systems. 

12. All publicity, marketing, and fund-raising mate- 
rials regarding the affiliation must be approved by the 
Affiliation Executive Committee. 

13. Neither institution will use the affiliation for its 
own or its profession's political gain. 

14. All health care providers operating under the 
affiliation must have appropriate and adequate profes- 
sional liability insurance as required by law. 

15. Each institution will make available to the other 
institution, on request, all pertinent information re- 
garding legal, financial, contractual, managerial, and 
other issues relevant to the affiliation. All such informa- 
tion will be held strictly confidential. 

An interim financial agreement was added as an ad- 
dendum to the original agreement. A global financial 
agreement addressing the provision of clinical as well as 
educational services is still under negotiation. It will 
supersede the interim agreement as soon as it is 
finalized. 

The faculty, medical staffs, and administrations of 
both institutions were informed of the affiliation discus- 
sions and most supported the initiative. 


THE MODEL AND THE 
IMPLEMENTATION PROCESS 


The model of eye care provision eventually agreed on 
assumes that ophthalmology and optometry are com- 
plementary, and it seeks to emphasize the strengths of 
each profession. It stipulates that primary eye care 
provided at PCO is delivered by optometric staff. Pa- 
tients with conditions requiring subspecialty medical or 
surgical intervention are referred for consultation, 
management, or both to the HU ophthalmology staff. 
After the consultation and any necessary medical or 
surgical treatment are completed, the patient is re- 
ferred back to the referring optometrist for ongoing 
care. Likewise, patients who receive their primary eye 
care by ophthalmologists at HU and who require con- 
tact lenses, low-vision rehabilitation, orthoptics, or 
learning disability services are referred to PCO opto- 
metric staff for treatment. Ongoing medical/surgical 
care is provided by ophthalmologists. In our opinion, 
therefore, ophthalmologists and optometrists work in 
tandem to provide appropriate, cost-effective, and 
high-quality eye care. 
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EDUCATIONAL PROGRAMS 


A fundamental goal of the affiliation is to develop 
joint. education and research programs. Therefore, 
muck effort has been spent in restructuring existing 
programs and creating new ones. Basie science and 
clinical faculty at HU currently offer courses in ocular 
microbiologyimmunology, pharmacology, clinical 
medicine, and microanatomy at PCO. In the future, HU 
faculty will be offering courses designed for students of 
optometry in general and medical pathology and physi- 
cal diagnosis. 

Programs in clinical education also are being rede- 
fined. Ophthalmology residents accompany HU faculty 
on rotations in subspecialty care at PCO’s clinical facili- 
ty, The Eye Institute. In addition, PCO’s faculty offers 
ophthalmology residents rotations in contact lens and 
low-vision rehabilitation services. Similarly, optome- 
try residents and a few students are afforded the oppor- 
tunity to rotate through ophthalmology subspecialties 
under the tutelage of the ophthalmology staff. Further, 
ophthalmology faculty participates in clinical confer- 
ences at PCO. Students and residents of both institu- 
tions are thus exposed to a broadened clinical base and 
an array of ophthalmic disorders. The hope is that such 
exposure will result in a more well-rounded clinical 
education. 

Faculty of PCO have commented that the educational 
programs have enabled them to enhance their own 
clinical skills and knowledge base. However, education- 
al programs are not limited to the faculty and students 
of the affiliated institutions; programs have been de- 
signed to benefit community providers as well. Faculty 
of HU have lectured at PCO grand rounds and have 
participated in the college's continuing education semi- 
nars. Programs such as these encourage interaction 
between the professions and, therefore, are consistent 
with the goals of the affiliation. 


CLINICAL SERVICES 


Before clinical services were actually provided under 
the terms of the affiliation, clinical faculty of both insti- 
tutions worked together to draft patient care manage- 
ment and referral protocols, to outline the management 
process, and to establish quality assurance standards. 
To date, protocols have been approved for referrals 
from PCO to HU regarding the following aspects of 
care: (1) cataracts, including preoperative and postop- 
erative care; (2) cornea and external disease; (3) disease 
of the ocular adnexae; (4) disease of the retina and 
vitreous; (5) glaucoma; (6) neuro-ophthalmic disease; 
(7) ceular trauma; (8) strabismus; and (9) pediatric oph- 
thaknic disease. 

When a patient is referred to HU for management, 
the ophthalmologist assumes ultimate responsibility 
for treating the disorder. The referring optometrist 
may observe the operation and may assist in the preop- 
erative and postoperative care. However, medical/ 
surgical care is always rendered personally by the phy- 
sician. Referrals from HU to PCO may include the 
following: (1) contact lens care; (2) eyeglass dispensing; 
(3) orthopties; (4) low-vision and vision rehabilitation; 
and (5) learning disabilities. 
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The protocols define a “closed loop provision system” 
that enables providers to monitor more effectively the 
quality of care rendered. Under PCO’s previous pro- 
gram, patients were referred to independent consul- 
tant ophthalmologists for medical/surgical treatment. 
This system was open-ended, and methods of record 
keeping were informal. In the closed system model, 
providers are in regular communication, and referral 
information is compiled and reported on a monthly 
basis. Furthermore, independent computer systems 
currently being implemented at both HU and PCO will 
allow providers to monitor care more effectively and 
determine when patients miss appointments or leave 
the system so that appropriate follow-up communica- 
tion can be initiated. 

While the protocols were being finalized, administra- 
tive staff began to define the operation of the provision 
system. Issues such as scheduling, personnel, space 
requirements, equipment requirements, medical re- 
cords management, and billing policies and procedures 
were addressed. Given the high volume of clinical activ- 
ity at The Eye Institute, HU employs a full-time office 
manager at that facility to oversee the Department of 
Ophthalmology’s clinical and financial operations. This 
person is responsible for patient scheduling, registra- 
tion, charge entry, and medical record preparation. 
Pennsylvania College of Optometry operates contact 
lens and low-vision services at HU one-half day each 
week. The Eyewear Center, located at HU, and also 
operated by PCO, is open 5 days each week and is 
staffed by a PCO employee. 

Joint clinical chiefs’ meetings are held regularly to 
monitor the progress of the affiliation in general and, in 
particular, to evaluate the protocols, discuss quality 
assurance issues, and to review clinical operations as 
well as educational and research programs. These 
meetings help maintain open communication among the 
providers and facilitate patient care provision. To date, 
revisions have been made in the glaucoma and cataract 
protocols. 


RESEARCH 


The affiliation agreement encourages joint research 
ventures and, indeed, opportunities for collaborative 
research are considerable. Approximately 75 000 out- 
patient visits each year are recorded at The Eye Insti- 


tute. Likewise, 282 000 outpatient visits for medical 


~ problems, including eye disease, are scheduled at HU. 

As a result of the affiliation, investigators have a large 
base from which to draw patients for studies. Faculty at 
both institutions are currently working together on 
research projects, which include learning disabilities 
and macular degeneration. Protocols for excimer laser 
investigations also have been discussed. Should these 
be pursued, optometrists will engage in basic research 
while ophthalmologists and other physicians will con- 
duct clinical trials. 

Of special note is the fact that research areas have not 
been limited to eye disorders and disease. Faculty at 
HU’s Departments of Neurology and Psychiatry have 
joined faculty at the PCO’s Learning (Disabilities) Cen- 
ter in research investigating learning disabilities. 
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RECENT DEVELOPMENTS AND FUTURE DIRECTIONS 


Over the past year, many of the goals of the affiliation 
have been realized, and the future looks very bright to 
us. As participants of the PCO externship program, a 
few selected optometry students soon will have the 
opportunity to share in patient care in the Department 
of Ophthalmology at HU. New projects under discus- 
sion include a joint prison eye care program and the 
establishment of satellite clinics and faculty private 
offices, which will be structured according to the provi- 
sion model previously described. Satellite clinics would 
be geographically located in the Philadelphia area to 
serve areas populated by the “underinsured” —the 
working poor who do not have adequate health care 
coverage. The faculty private offices would be strategi- 
cally located to enhance the marketing potential of the 
affiliation. 

Marketing initiatives already are under way; efforts 
will be directed to optometrists in private practice, 
primary-care physicians, managed-care systems, com- 
mercial insurers, and the general population. The op- 


portunities for marketing are perhaps greatest in the = 


managed-care sector. The model of eye care provision 
developed under the eye care affiliation is consistent 
with that used by many managed-care systems, ie, 
optometrists provide primary eye care, while ophthal- 
mologists provide medical and subspecialty care. The 
vehicle for marketing services to managed-care sys- 
tems will be EyePA Ltd, Philadelphia, a for-profit 
subsidiary of PCO. On a contractual basis, EyePA Ltd 
provides eye care services to managed-care systems, 
self-insured corporations, and other insuring entities. 
EyePA Ltd is a multifunctional specialty organization 
that (1) manages utilization of eye care services; (2) 
provides, on a capitated or fee-for-service basis, a full 
range of professional eye care services through a net- 
work of contracted professionals; and (8) credentials - 
specialty eye care providers and institutions. 


COMMENT 


Many individuals maintained that doctors of medi- 
cine and doctors of optometry could not work together 
as colleagues sharing the same goals and aspirations. 

Looking back over the past 17 months, we believe 
that the skeptics were wrong. The affiliation has ex- 
ceeded our expectations and has progressed much more 
quickly than any of the planners had imagined. Events 
to date suggest that joint educational, clinical, and 
research programs have been advantageous to both 
medicine and optometry, and that teams of medical 
doctors and optometrists can work together as col- 
leagues in one eye care provision system. 

CHARLES F. MULLEN, OD 
Washington, DC 

Myron Yanorr, MD 
Philadelphia, Pa 

Laura A. WILson, MS 
Buffalo, NY 


The Arcuives publishes this article for informational purposes. Readers 


wishing to comment should follow the customary “Instructions for Authors" for 
correspondence. 
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: _ Commentary 





Evolving Ophthalmology-Optometry 


Relationships 


E aes evolving relationship between ophthalmology 
and optometry is discussed in this issue of the 
ARCHIVES by Mullen et al,’ who describe an affiliation 
between the Hahnemann University (HU) and the 
Pennsylvania College of Optometry (PCO). While this 
affiliation may be the first for academic institutions, it 
in fact follows examples in private practice, managed 
care systems, and military and veterans’ hospitals, 
where optometrists and ophthalmologists are increas- 
ingly working together. Most of these affiliations are 
economically driven, based on convenience, or based on 
the need for patient access. A prime concern is that 
these affiliations not detract from quality of care. 





See also p 234. 





Ophthalmologists have not ignored the fact that they 
are outnumbered by optometrists two-to-one, that the 
majority of the public apparently already seeks routine 
eye care from optometrists, and that optometry organi- 
zations have publicly declared their goal of providing 


- primary eye care. They have also observed that optom- 


etrists are being used for primary eye care in many 
health care systems based on simple economics. 
Other factors affecting the ophthalmology-optome- 
_ try relationship include state legislative mandates per- 
mitting optometrists to diagnose and treat eye disease 
(optometrists in the United States can now legally treat 
eye disease in about half the states) and the tacit ap- 
proval the Health Care Financing Administration has 
< given to the provision of postoperative care by optome- 
trists. The Health Care Financing Administration now 
permits the splitting of surgical fees into intraoperative 
and postoperative portions. In some locales, these fac- 
tors have resulted in eye care networks in which optom- 
etrists refer surgical patients to specifie ophthalmolo- 
gists, perhaps with the understanding that the patients 
will be returned for reimbursed postoperative care. 
Such networks result in increased surgical volume for 
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the ophthalmologist, who is frequently a so-called high- 
volume surgeon; increased revenue and control for the 
referring optometrist; and increased convenience, if 
not increased quality, for the patient. 

The reasons for a medical school to affiliate with an 
optometric school are probably the same as in the pri- 
vate sector: economics and patient access. Indeed, Mul- 
len et al note that one of their first acts was to market 
the HU-PCO affiliation and later plan satellite offices in 
the cemmunity. Local ophthalmologists in private prac- 
tice understandably might feel threatened by this aca- 
demic-optometric-ophthalmologic competition. 

A major reason for an optometry school to affiliate 
with a medical school might also be the same as in the 
private community: the desire to not lose patients; to 
have an increasing role in treating patients; and, more- 
over, to improve optometric training. Organized oph- 
thalmology has opposed optometric diagnostic and 
therapeutic drug legislation, declaring that optome- 
trists are not adequately trained to diagnose and treat. 
A major concern of ophthalmologists about optometric 
training is illustrated by the fact that the PCO has 560 
students who gain experience from a total of 75 000 
patient visits annually. Even allowing for weekends 
and holidays, and assuming that students see patients 
only in their last 2 years for the 9 months they are in 
schocl each year, each optometrie student sees only 
about one patient a day for 2 years. Such patients are 
less likely to have significant disease than those treated 
at a medical school. The advantage of the affiliation to 
optometry students is obvious—the HU-PCO affili- 
ation permits optometry students to obtain better 
training, albeit without the benefit of a medical degree. 

The American Academy of Ophthalmology has re- 
sponded to the changing socioeconomic environment 
and the optometric challenge. Two years ago, at its 
annual meeting, Academy speakers gave a tacit bless- 
ing te the dispensing of spectacles by ophthalmologists. 
Recognizing that many ophthalmologists spend most of 
their time treating patients who do not need surgery, 
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the Academy stressed comprehensive or complete eye 
care by ophthalmologists, presumably including rou- 
tine care, primary care, screening, and all of the ser- 
-vices traditionally provided by optometrists. At the 
-game time, in one of a series of Preferred Practice 
Patterns, the Academy noted that there is little need 
for routine eye examinations of asymptomatic white 
patients aged 20 to 40 years, assuming that they have 
had one thorough ophthalmologic examination. (Blacks 
should be seen routinely because of their high incidence 
of glaucoma.) Presumably, an asymptomatic white pa- 
tient in this age range might seek optometric care for 
simple refraction. The Academy has also developed a 
series of position papers defining appropriate and ethi- 
eal relationships between ophthalmologists and optom- 
etrists. Furthermore, at the recent annual meeting in 
Atlanta, Ga, Academy leaders cited the facts men- 
tioned above and suggested taking a fresh look at the 
ophthalmology-optometry relationship. Any new rela- 
tionship would emphasize the ophthalmologist as the 
“leader” of a team. The ophthalmology-optometry rela- 
tionship will be a major topic at the regional meetings of 
the Council of the Academy to be held early in 1991. 
While even the most traditional ophthalmologists 
would probably agree that optometrists have a role in 
refraction, contact lens fitting, and low-vision assess- 
ment, some will wonder about the inclusion of “vision 
training” in the HU-PCO curriculum. Learning disabil- 
ities and dyslexia have long been veiled in mystery, and 
ophthalmologists refer such problems to experts in edu- 
cation for management (after proper ophthalmologic 
evaluation). A plethora of optometric studies, most not 
controlled, has resulted in some optometrists empha- 
sizing vision training in their practices. Many consider 
such training a hoax, and perhaps the HU-PCO affili- 
ation will permit more controlled studies to determine 
the possible effectiveness of vision training and the 
need for optometric or ophthalmologic involvement. 
Pediatric ophthalmologists will be concerned about 
the referral of strabismic children for therapeutic or- 
thopties to optometrists, some of whom have remark- 
ably different approaches to the treatment of strabis- 
mus than do ophthalmologists. 
A great concern of both professions is the use of 
lasers for refractive procedures. Indeed, PCO has been 
the subject of recent publicity because of its attempt to 
- acquire an excimer laser for experimental use. Ophthal- 


< mologists insist that lasers are as powerful as knives 


-and that treatment of patients who have received ther- 
apy with lasers requires medical knowledge and the use 
of analgesics, cycloplegics, and steroids. They routinely 
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use the term surgery after the word laser. Their con- 
cern is that optometrists might promote lasers as sim- 
ply a form of light and contend that optometrists are 
licensed in many states to use lights for purposes of 
refraction. Indeed, refractive surgery may be the entry 
point of optometry into the surgical realm. Ophthalmol- 
ogists are justifiably concerned that the HU-PCO affili- 
ation will hasten the use of lasers by optometrists, 


short-cireuiting the traditional medical degree re- —- 


quired for those operating on human eyes. This dilem- 
ma likely will be settled not in academic centers, but in 
state legislatures. 

While the obligations and responsibilities of ophthal- 
mologists and optometrists may be changing, one might 
hope that most ophthalmologists, optometrists, and 
health care administrators will agree to basic guidelines 
offered to any practitioner, medical school, or health 
care system that plans to use optometrists in practice: 
(1) The patients welfare is always the first priority. 
(2) Patients have the right to know by whom they are 
being treated. There is already enough publie confusion 
regarding eye care providers (confusion increased by 
recent Florida legislation giving optometrists the right 
to call themselves “optometric physicians”). Physi- 
cians, optometrists, nurses, opticians, or technicians ` 
should identify themselves to patients. (3) Any patient 
being examined in the office of an ophthalmologist who 
does not receive his or her eye care from an ophthalmol- 
ogist should be specifically so informed. (4) Optome- 
trists in such affiliations should have strict mandatory 
referral guidelines, and every patient seen in such an 
affiliation should be examined by an ophthalmologist 
sometime during the course of the encounter. (5) No 
provider should accept responsibilities beyond the 
scope of his or her training. (6) Surgery, including laser 
surgery, should be performed only by those with a 
medical degree and proper training and only after the 
surgeon has personally examined the patient. 


ALLAN D. JENSEN, MD 
Baltimore, Md 


The author is in private practice as an ophthalmologist. Readers 
wishing to comment on the ideas expressed here should refer to the 
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(Dr Jensen). 
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Lipomatous Hamartoma of the Orbit 


Harry H. Brown, MD; Robert C. Kersten, MD; Dwight R. Kulwin, MD 


è Proliferations of mature adipose tis- 
sue, while common in retroperitoneal 
and subcutaneous sites, rarely occur in 
the orbit. We describe the clinical, radio- 
graphic, and histopathologic findings of 
a nonencapsulated lipomatous tissue 
overgrowth of the right orbit in a 35- 
year-old man. The mass had caused pro- 
ptosis since childhood and was appar- 
ently present since birth. Due to the age 
at onset, the histologic similarity to nor- 
mal orbital fat, and the lack of encapsula- 
tion or choristomatous elements, we pro- 
pose the term lipomatous hamartoma for 
this entity. 

(Arch Ophthalmol. 1991;109:240-243) 


rbital masses composed exclusively 
of adipose tissue are uncommon, 

and terminology regarding their classi- 
fication is controversial. They have 
been reported as benign neoplasms of 
adipose tissue (lipomas) or the predom- 
inant component of choristomas (der- 
molipomas). Mass lesions called lipo- 
mas have been described, either in 
individual case reports” or in series of 
orbital tumors in which they make up 
3% to 8% of neoplasms.*” Several other 
large series of orbital neoplasms have 
not included lipoma as a diagnosis.” 
Other authors have questioned the va- 
lidity of the diagnosis of lipoma in 
publications in which histopathologic 
verification was either not reported or 
described as indistinguishable from the 
normal adipose tissue of the orbit.°” 
Histologic variants of lipoma (eg, 
spindle cell lipoma” and angiolip- 
oma”) within the orbit have been docu- 
mented. Intermuscular and intramus- 
cular fatty infiltration of the orbit in 
association with systemic involvement 
(eg, heart, pleura, and extremities) 
has also been described.” 
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We describe a case of a slowly en- 
larging orbital mass, documented to be 
present since childhood and allegedly 
since birth. On gross and ligh? micro- 
scopic examination, the mass was 
shown te be composed of nonencapsu- 
lated mature adipose tissue. Owing 
primarily to the early onset and the 
histologic similarity to normal orbital 
fat, we believe that the term lipoma- 
tous hamartoma most accurately de- 
scribes this particular clinicopathologic 
entity. 


REPORT OF A CASE 


A 35-year-old white man presented to the 
University of Cincinnati (Ohio) Hospital in 
November 1987 for evaluation of long- 
standing, right-sided proptosis. He stated 
that the condition had been present since 
birth, and childhood photographs confirmed 
the early onset (Fig 1). During the first 5 to 
6 years of life, he had been examined by 
several ophthalmologists and  neurosur- 
geons, but no diagnostic or therapeutic 
procedures had been undertaken. No fur- 
ther medical attention was sought until the 
present evaluation. During the years pre- 
ceding this presentation the patient com- 
plained of gradually increasing irritation 
and dryness of the right eye, symptoms 
exacerbated by exposure to wind and cold. 
A desire for cosmetic improvement also 
contributed to the presenting consultation. 

Clinical examination at the time of pre- 
sentation revealed visual acuity of 20/20 
OU, with proper myopic correction. Visual 
inspection demonstrated marked sight-sid- 
ed proptosis, confirmed by Hertel exoph- 
thalmometer measurements of 35 mm OD 
and 18 mm OS (Fig 2). The right eve was 
also noted to be 1 mm lower than the left, 
and 5 mm of sclera was evident between the 
inferior limbus and the right lower eyelid. 
Direct and consensual pupillary pesponses 
to light and accommodation were normal. 
Extraocular motility was reduced en abduc- 
tion and infraduction of the right eve, with 
corresponding onset of diplopia in down and 
right lateral gaze positions. Corneal sensi- 
tivity was objectively normal and equal in 
both eyes. Biomicroscopic findings of the 
anterior segments of both eyes were unre- 
markable; however, eversion of the right 
lower eyelid revealed a firm mass. protrud- 
ing beneath beth the palpebral and bulbar 
conjunctivae (Fig 3). The results of binocu- 
lar indirect ophthalmoscopy and Goldmann 
visual field examinations of both eyes were 
unremarkable. The initial clinica’ impres- 
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sion was lymphangioma involving the right 
orbit. 

Computed tomography of the right orbit 
demonstrated a circumscribed mass, with 
radiodensity identical to orbital fat, that 
extended through the superior orbital fis- 
sure into the middle cranial fossa (Fig 4). 
The mass extended anteriorly along the 
lateral wall of the orbit, compressing the 
lateral rectus muscle medially. The lateral 
orbital rim and wall were markedly thick- 
ened. Magnetic resonance imaging of the 
orbit also demonstrated reflectivity consis- 
tent with orbital fat on both T -weighted 
and T.-weighted images (Fig 5). 

To decrease proptosis and lagophthal- 
mos, a subtotal excision of the mass was 
performed through a Berke lateral orbito- 
tomy. The lateral orbital rim was markedly 
thickened. Reflection of the orbital perios- 
teum revealed a dark yellow, moderately 
firm mass diffusely involving the lateral 
orbit and extending anteriorly into the up- 
per and lower eyelids and posteriorly to the 
apex of the orbit. The mass appeared simi- 
lar to the visible intraconal fat but was 
darker and more firm on palpation (Fig 6). 
Jsing sharp dissection, we freed the mass 
from the lateral rectus muscle and the 
subconjunctival tissues anteriorly. A subto- 
tal excision was performed, with abnormal 
tissue left at the apex of the orbit. The 
lateral orbital rim was not replaced to allow 
decompression of the orbital soft tissue. 

After surgery, significant reduction in 
proptosis and resolution of lagophthalmos 
was evident on the right side (Fig 7). Visual 
acuity remained unchanged and extraoeular 
motility was improved, although limited 
extreme right lateral gaze persisted. Post- 
operative orbital computed tomography 
demonstrated a marked diminution of the 
extraconal portion of the mass but contin- 
ued increased fat density intraconally and 
intracranially (Fig 8). 


Fig 1.—Photograph of the patient at age 5 
years demonstrates right exophthalmos. 
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Fig 2. —Frontal (left) and coronal (right) photographs of the patient reveal marked right exophthalmos and 
fullness of the lateral aspects of the upper and lower eyelids. 








































































































Fig 3.—External photograph of the right eye shows a multilobular 
subconjunctival mass involving the bulbar conjunctiva. 





Fig 4.—Preoperative computed tomographic scan demonstrates a 
radiolucent, predominantly extraconal mass extending both intracon- 
ally and intracranially. 


Fig 6.—Intraoperative photograph highlights 
the darker, more finely lobular mass (thick 
arrow) compared with normal intraconal fat 


Fig 5.— Preoperative magnetic resonance imaging scans document the extent of the mass and (curved arrow). The mass was adherent to 
its radiographic similarity to adipose tissue on T,-weighted (left) and T,-weighted (right) images. the lateral rectus (retracted, thin arrow). 
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Fig 8.—Postoperative computed tomographic scan documents the 
reduction of the extraconal component of the mass and the absence of 
the lateral orbital rim. 


Fig 7.— Postoperative photograph shows a diminution of right exoph- 
thalmos and lid fullness. 


Fig 9.—The excised tissue is composed of 
lobules of mature adipose tissue separated 
by fibrovascular septa (hematoxylin-eosin, 
original magnification x 63). 





Fig 10.—Prominent vessels (arrowheads) 
and a nerve (arrow) are also present within 
the septa (hematoxylin-eosin, original magni- 
fication x 63). 
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PATHOLOGIC FINDINGS 


We examined fragments of yellow-tan 
fibroadipose tissue measuring 3.5 x 2.0 x 1.0 
em in aggregate and a 2.5x2.0x1.3-cm 
rectangular section of bone. Histopatholog- 
ie examination of the orbital mass demon- 
strated mature adipose tissue separated 
into lobules by fibrous septa, that varied in 
- thickness (Fig 9). Within the septa were 


neurovascular bundles (Fig 10), Adipocytes 


were relatively equal in size and shape, 
with peripherally placed nuclei showing no 
evidence of hyperchromasia or mitotic ac- 
tivity. Rare aggregates of lipid-laden histio- 
cytes were present within the lobules of fat. 
No microscopic evidence of a fibrous cap- 
“sule was identified. Spindle cell or angioma- 
tous components were not observed, al- 
though a rich capillary network was present 
throughout the lobules of fat. Choristoma- 


“tous elements of a dermolipoma or dermoid 


= gyst were also not present within the tis- 
sue. Microscopic evaluation of the bone 
revealed hyperostosis of the cortex. The 
marrow spaces were largely filled by adi- 
pose tissue; rare hematopoietic elements 
were observed. 


COMMENT 


Tumors within the orbit that are 
composed exclusively of adipose tissue 
have generated some controversy in 
the ophthalmic literature. Certain au- 
thors™ have categorized them as lipo- 
mas, while others*" question the valid- 
ity of such a diagnosis in cases without 
definite histopathologic confirmation. 
In any case, expansile lesions com- 
posed of adipose tissue are extremely 
uncommon in the orbit. 

Enzinger and Weiss” categorized 
benign lipomatous tumors into five 
groups: (1) lipoma, either single or 
multiple, and either superficial or 
deep; (2) variants of lipoma (eg, angio- 
lipoma, spindle cell lipoma, pleomor- 
phie lipoma, angiomyolipoma, and be- 
nign lipoblastoma); (3) heterotopic 
lipomatous proliferations (eg, intra- 
muscular and intermuscular lipoma, li- 
poma of tendon sheath, neural fibro- 
lipoma, and lumbosacral lipoma); 
(4) infiltrating lipomatous conditions 
(eg, diffuse lipomatosis, pelvic lipoma- 
tosis, symmetrical lipomatosis, adipo- 
sis dolorosa, and steroid lipomatosis); 
and (5) hibernoma. They declined to 
distinguish among true neoplasms, 
hamartomas, and localized over- 
growths of fat, believing such categori- 
zation to be “largely speculative and of 
little practical consequence.” 

According to Enzinger and Weiss’ 
classification scheme,’the present case 
would be categorized with the other 
infiltrating lipomatous conditions listed 
above. However, in contrast to those 
entities, our patient exhibited no evi- 
dence of disease outside the orbit, 
-and gross and histologic examinations 
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failed to disclose infiltration of muscle 
or other connective tissues. We there- 
fore prefer the term lipomatous ha- 
martomea to diffuse lipomatosis in this 
instance. 

An intriguing speculation is that 
this case represents the natural evolu- 
tion of lipoblastomatosis. Such tumors 
of infancy, composed of lipoblasts in 
varying stages of development, have 
been documented to demonstrate mat- 
uration in multiple, sequential biop- 
sies.” To our knowledge, lipoblastoma 
or lipoblastomatosis has not been de- 
scribed in the orbit. Adipose-contain- 
ing lesions were identified histological- 
ly in 7% of 250 orbital masses in 
children“ and were “difficult to classi- 
fy”: they were thought to represent 
dermolipomas, although some of the 
biopsy specimens revealed only normal 
adipose tissue. 

Lipomas, benign neoplasms of soft 
tissue, are slowly expansile masses 
occurring predominantly in the super- 
ficial and deep soft tissues of the trunk 
and extremities. They are detected 
usually in the fifth or sixth decade. 
Histologically, they are composed of 
mature adipocytes forming a thinly 
encapsulated lobule, with an increased 
capillary network, in contrast to nor- 
mal adipose tissue. Deep-seated lipo- 
mas may have a more irregular, less 
circumscribed appearance than their 
subeutaneous counterparts, but they 
still tend to be distinct from surround- 
ing tissues. 

Lipomas have been associated with 
multiple hamartoma syndromes, such 
as Bannayan syndrome (ie, multiple 
lipomas, angiomas, and macrocepha- 
ly)” and neurofibromatosis, although 
the validity of the latter has been 
questioned.” No other stigmata of a 
disseminated hamartomatous process 
were identified in our patient. 

The significant histopathologic fea- 
tures in our case that make the diagno- 
sis of lipoma untenable are the lack of 
encapsulation and the presence of fi- 
brovascular septa containing nerves. 
These microscopic findings were indis- 
tinguishable from normal orbital fat. 
The argument might be raised that 
what was excised was indeed orbital 
fat and not tumor; however, at surgery 
a clear distinction between grossly 
normal and abnormal tissues was iden- 
tified (Fig 6), and only abnormal tissue 
was resected, as confirmed by postop- 
erative computed tomography (Fig 8). 

Another view might be that the 
mass was a dermolipoma, and that the 
excised tissue lacked the dermal com- 
ponent necessary for this diagnosis. In 
our patient the tumor was generous- 
ly, albeit subtotally, resected and sub- 


mitted entirely for histologic exam- 
ination. No choristomatous elements 
were identified, either grossly or mi- 
eroscopieally. Also, the subconjuncti- 
val configuration was not typical of 
dermolipoma. The clinically visible an- 
terior border of a dermolipoma is 
straight or slightly concave.” 

Herniation of normal orbital fat has 
been documented in older individuals, 
simulating an epibulbar dermolipoma.” 
Computed tomographic and magnetic 
resonance imaging scans in our patient 
demonstrated the marked excess of 
adipose tissue in the orbit and extend- 
ing intracranially, features inconsis- 
tent with herniation of orbital fat. 
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@ The Lens Opacities Case-Control 
Study evaluated risk factors for age-re- 
lated nuclear, cortical, posterior subcap- 
sular, and mixed cataracts. The 1380 
participants were ophthalmology outpa- 
tients, aged 40 to 79 years, classified into 
the following groups: posterior subcap- 
sular only, 72 patients; nuclear only, 137 
patients; cortical only, 290 patients; 
mixed cataract, 446 patients; and con- 
trols, 435 patients. In polychotomous lo- 
gistic regression analyses, low edu- 
cation increased risk (odds ratio 
[OR]=1.46) and regular use of mul- 
tivitamin supplements decreased risk 
(OR = 0.63) for ail cataract types. Dietary 
intake of riboflavin, vitamins C, E, and 
carotene, which have antioxidant poten- 
tial, was protective for cortical, nuclear, 
and mixed cataract; intake of niacin, 
thiamine, and iron also decreased risk. 
Similar results were found in analyses 
that combined the antioxidant vitamins 
(OR = 0.40) or considered the individual 
nutrients (OR=0.48 to 0.56). Diabetes 
increased risk of posterior subcapsular, 
cortical, and mixed cataracts (OR = 1.56). 
Oral steroid therapy increased posterior 
subcapsular cataract risk (OR = 5.83). 
Females (OR=1.51) and nonwhites 
(OR = 2.03) were at increased risk only 
for cortical cataract. Risk factors for nu- 
clear cataract were a nonprofessional 
occupation (OR = 1.96), current smoking 
(OR = 1.68), body mass index (OR = 0.76), 
and occupational exposure to sun- 
light (OR=0.61). Gout medications 
(OR = 2.48), family history (OR = 1.52), 
and use of eyeglasses by age 20 years, 
which is an indicator of myopia 
(OR = 1.44), increased risk of mixed cata- 
ract. The results support a role for the 
nutritional, medical, personal, and other 
factors in cataractogenesis. The poten- 
tially modifiable factors suggested by 
this study merit further evaluation. 

{Arch Ophthalmol. 1991 ;109:244-251) 
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ge-related cataract is the main 

cause of blindness and visual im- 
pairment throughout the world. With 
the aging of the population. the overall 
prevalence of visual loss due to lens 
opacities continues to increase every 
year. More than 15 million persons 
worldwide are estimated to be blind 
from cataract, and this number is ex- 
pected to reach 40 million by the year 
2025' in the absence of new or more 
efficiently delivered interventions. Be- 
cause surgery is the only treatment, 
the growing need for surgical re- 
sources further adds to the consider- 
able socioeconomic impact of the condi- 
tion. The problem is especially critical 
in developing countries but affects the 
more developed countries as well; the 
economic impact of cataract surgery 
alone in the United States is estimated 
to be more than $2.5 billion per year.* 


See also pp 196, 252, and 256. 





Oxidative damage plays a major role 
in cataractogenesis." Animal, laborato- 
ry, and some clinical and epidemiologic 
data support the relationship of cata- 
ract to nutritional factors such as low 
levels of proteins and vitamins with 
antioxidant potential, ie, riboflavin, vi- 
tamins C and E, and the carotenoids.” 
Other studies have identified several 
personal, medical, and environmental 
cataract risk factors," lending fur- 
ther support to the hypothesis that 
opacities result from the cumulative 
effect of various insults to the lens. 
Furthermore, some evidence suggests 
that different mechanisms, such as 
protein aggregation and osmotic dam- 
age, may cause cataracts in different 
regions of the lens." 

Given the magnitude and serious- 
ness of the cataract problem, the iden- 
tification of protective factors has a 
high priority.” The Lens Opacities 
Case-Control Study (LOCS) was de- 
signed to meet this need by a multifac- 
torial, comprehensive investigation. 
Its primary aim was to evaluate risk 
factors for nuclear, cortical. and poste- 
rior subcapsular opacities, and to de- 
termine whether these types of cata- 
ract differ when regarding their risk 
factors. Another aim was to compare 
LOCS findings with those of parallel 
case-control studies conducted in In- 
dia” and Italy; the latter study began 
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after LOCS and followed its design and 
methods. This article presents results 
for all LOCS participants, as well as 
comparisons with the Indian study, for 
the following groups of hypothesized 
risk factors“: (1) nutritional fac- 
tors (including intake of proteins, vita- 
mins, and calcium; body mass index); 
(2) medical and medication history (in- 
cluding diabetes and cardiovascular 
diseases; use of oral steroids, antihy- 
peruricemics, aspirin, smoking, and al- 
cohol); (3) personal characteristics 
(including education and occupation, 
race, iris color); and (4) environmental 
and other factors (including sunlight 
exposure, myopia and use of eyeglass- 
es, family history). 


METHODS 
identification of Study Population 


The LOCS was designed to have four 
case groups (nuclear, cortical, posterior 
subeapsular [PSC], or mixed cataract) and 
one control group (no cataract). Cases and 
controls were general ophthalmology outpa- 
tients at the Massachusetts Eye and Ear 
Infirmary and the Brigham and Women’s 
Hospital, Boston, Mass, from December 
1985 to December 1988. Cases had age- 
related nuclear, cortical, or PSC opacities in 
at least one eye that explained a decrease in 
visual acuity, if any; controls had no lens 
opacities and visual acuities of 20/20 or 
better in both eyes. All patients were aged 
40 to 79 years, were Massachusetts resi- 
dents, and were able to provide informed 
consent and complete an interview in En- 
glish. Persons with diagnoses that pre- 
cluded full pupillary dilatation (to at least 6 
mm), lens evaluation at the slit lamp, or 
lens photography were ineligible, as were 
patients with other types of cataract or eye 
pathology causing a loss of visual acuity. 

Medical records of incoming patients 
were screened for eligibility by a patient 
recruiter following preset criteria for inclu- 
sion and exclusion, as well as for achieving 
balance in the number and age of cases and 
controls (eg, limiting the weekly number of 
controls to achieve a 3:1 case-control ratio 
and selecting the oldest available controls), 
Records of all patients screened were re- 
ferred to a LOCS ophthalmologist and then 
to an epidemiologist for further review of 
eligibility criteria and possible diagnoses of 
exclusion. After this review, the ophthal- 
mologists of potentially eligible patients 
were contacted to determine contraindica- 
tions for participation; if none were present, 
the patient was invited by letter and tele- 
phone to complete a special study visit for 
data collection and definitive classification 
into the appropriate study group. 
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Classification into Study Groups 


The type and degree of lens opacification 
were graded at the slit lamp and from lens 
photographs following the protocol of the 
Lens Opacities Classification System I 
(LOCS D that was developed for use in this 
study.” This system, which is based on 
standard photogr: aphs, provides ordinal 
scores of the degree of opacification sepa- 
rately for the nuclear (NO, N1, or N2), 
cortical (CO, Cla, Clb, or C2), and PSC 
(P0, P1, or P2) regions of the lens. Evalua- 
tion of the system has shown high interob- 
server and intraobserver reproducibility,” 
as measured by weighted x (R) statisties”; 
similar results were found in quality control 
assessments conducted throughout the 
study (R=0.74 to 0.93), using the same 
methods.” One ophthalmologist performed 
63.7% of the LOCS I slit-lamp classifica- 
tions and the rest were performed by three 
ophthalmologists (13.0%, 12.4%, and 
10.9%), Slit- eed and photographic grad- 
ings yielded similar results; assignment into 
study groups was based on the slit-lamp 
gradings. 

Patients were classified as having a single 
type of cataract (ie, nuclear, cortical, or 
PSC) when there was only one type of 
opacity present, as defined by the LOCS I 
scores of both eves. The nuclear group, 
therefore, consisted of patients with only 
nuclear opacities (LOCS I score = N1 or N2) 
in both eyes or with nuclear opacities in one 
eye and no opacities in the other eye. 
Similar criteria were used to define the 
cortical group (LOCS I score =C1b or C2) 
and the PSC group (LOCS I score=P1 or 
P2). The mixed cataract group consisted of 
patients with various combinations of nucle- 
ar, cortical, and PSC opacities in one or 
both eyes. 


Data Collection 


Data were collected by trained study 
personnel who were unaware of the specific 
risk factors of major interest; the interview- 
er was also unaware of the case or control 
status of the participant. A standardized 
protocol was followed to collect the data 
outlined below. 

(1) Measurements of height, weight, 
hand-grip strength, and blood pressure 
{average of two measurements with a ran- 

dom: zero sphygmomanometer); iris color 


ce (graded-as light, medium, or dark using 


photographic standards). 

(2) Nutritional intake assessment with 
the food frequency questionnaire devel- 
oped;- described, and evaluated by Block et 
aland Cummings et al,” which was de- 
rived-from dietary intake data from the 
Second Health and Nutrition Examination 
Survey.” This instrument provides esti- 
mates of intake of calories, fats, carbohy- 
drates, vitamins (A, C, E, thiamine, ribofla- 
vin, niacin, carotene), minerals (calcium, 
phosphorus, iron, sodiitm, potassium), and 
dietary fiber, which are based on usual 
frequency of consumption and portion size 
of. specific foods." The food-frequency 
method was selected because it provides 
information on long-term dietary patterns”; 
it provides rankings of intake in the study 

“groups and thus permits meaningful com- 
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parisons among these groups. 

(3) Standardized interview to assess med- 
ical care practices (frequency of visits, type 
of physician, and main reason for visits in 
the last 5 years); history of diabetes, cardio- 
vascular diseases, arthritis, and major med- 
ical problems; use (at least once a week for 
at least 1 month) of medications for diabe- 
tes, cardiovascular diseases, and arthritis, 
of oral steroids, antihyperuricemics, aspi- 
rin, prescription eyedrops, vitamin and 
mineral supplements; use of cigarettes, 
pipe, or cigars; use of beer, wine, or liquor; 
race (self-reported), marital status, years of 
education, major lifetime occupation; occu- 
pational exposure to sunlight, bright indoor 
lights, or are welding; leisure time in the 
sun; residence and travel to areas of high 
sun exposure; use of hats, sunglasses, and 
regular eyeglasses; hair color (at age 20 
years), freckles, and skin sensitivity to the 
sun; ancestry, sibship size, and family histo- 
ry of medical and ocular conditions in par- 
ents and siblings. 

(4) Complete ophthalmologic examina- 
tion, including refractive error and visual 
acuity (Humphrey Automated Refractor); 
applanation tonometry; LOCS I classifica- 
tion; and ocular diagnoses. 

(5) Color slit-lamp (Zeiss), retroillumina- 
tion (Neitz CTR), and black and white 
photography (Topcon SL-45 Scheimpflug) 
of the lens. 


Analysis 


To evaluate risk factors in a single model 
for PSC, nuclear, cortical, and mixed cata- 
racts, each case group was compared with 
the controls and with the other case groups 
using polychotomous logistic regression. ey 
This multivariate method i is an extension of 
standard logistic regression”; while the lat- 
ter method is dichotomous (eg, it compares 
one disease category with a referent 
group), polychotomous logistic regression 
allows evaluations of risk factors for sever- 
al mutually exclusive disease categories, 
while simultaneously adjusting for con- 
founding and other exposures. In case-con- 
trol studies with more than one case group, 
polychotomous logistic regression has been 
used to compare risk factors between each 
case group and the controls in a single 
model; it also allows the comparison of risk 
factors among the various case groups.” 

The analysis comprised three major steps 
as outlined below. First, associations with 
each risk factor were evaluated by age- and 
sex-adjusted analyses; Mantel-Haenszel 
tests for odds ratios (ORs) and logistic 
regression analyses were used. Second, the 
variables found to be significantly (P<.05) 
associated with any cataract type in the 
first phase of analyses were grouped into 
(1) nutritional, (2) medical, (3) personal, and 
(4) environmental and other risk factors. 
Polyehotomous logistic regression, adjust- 
ing for age and sex, was conducted within 
each group. Third, variables significantly 
(P<.05) associated with at least one of the 
four cataract types in the second analytic 
step were retained to form a full model for 
multivariable polychotomous regression. 
The similarity in risk factors across some 
eataract types in the full model led to a 
reduced model, in which (1) coefficients for 


a given variable were constrained to be 
equal across selected cataract types when 
their estimates in the full model were al- 
most equal, and (2) coefficients for certain 
variables for selected cataract types were 
constrained to be zero when their estimates 
in the full model were not significantly 
different from those of controls.*” The 
comparison between the full model and the 
final reduced model was made by a x’ test of 
the improvement of log likelihood. 

For these analyses, nutritional intake 
variables were grouped as low, medium, 
and high using the lowest quintile, the 
three middle quintiles, and the highest 
quintile, respectively; ORs compared high 
vs low, using the latter as the reference 
group. Because estimates of nutrient intake 
from food frequency questionnaires may not 
necessarily adjust for total caloric intake, 
dietary intake data were evaluated using 
the absolute values and also adjusting such 
values to account for caloric intake.” Simi- 
lar results were found with and without 
such adjustments, and the final analyses 
used the absolute nutrient estimate values. 
The high correlations among dietary nutri- 
ents” lead to multicolinearity problems in 
multivariate modeling and cause difficulties 
in interpreting results. An alternative is to 
select one nutrient as a proxy for the analy- 
sis, but this does not account for possible 
cumulative or synergistic effects among nu- 
trients. Furthermore, the report of a signif- 
icant association is likely to be misinter- 
preted as the effect of the selected nutrient 
alone. These two problems are decreased if 
dietary nutrients are grouped into indexes. 
Because of the interest in evaluating hy- 
pothesized associations with all the vita- 
mins with antioxidant potential, an index of 
antioxidant vitamin intake was defined by 
grouping riboflavin, vitamin C, vitamin E, 
and carotene (the sum of a-earotene, 
B-carotene, lutein, cryptoxanthin, other 
xanthins, and lycopene), The index was 
defined as follows: (1) low, if at least three 
of the vitamins were in the lowest quintile 
and the rest were not in the highest quin- 
tile; (2) high, if at least three of the vitamins 
were in the highest quintile and the rest 
were not in the lowest quintile; and 
(3) medium, otherwise. All steps of the 
analyses evaluated associations with indi- 
vidual nutrients as well as with the antioxi- 
dant index. 


RESULTS 


Of the 2491 charts initially screened, 
1772 (71.1%) were of potential cases 
and 719 (28.9%) were of potential con- 
trols; 529 were found to be ineligible 
after further review and were ex- 
cluded. Of those eligible, 1428 (72.8%) 
completed study visits with identical 
percent participation for cases and for 
controls; lack of time or interest was 
the main reason given for nonpartici- 
pation. Nonparticipating cases and 
controls were similar to participants in 
age, residence, race, and diagnoses, 
and had a higher proportion of women. 
We were unable to determine possible 
biases due to selective participation; a 
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Controis 
{n = 435) 


Type of Cataract 
jp pe ea Spe nn erg St a iced cera i cate 


Posterior 
Subcapsu- 
far Only 
(n = 72) 


Cortical Only 
{n = 290) 





Mean + SI 


Nuclear Only 
{n 137) 








Median 





40-49, % 








50-59, % 








60-69, % 






































mail survey of all nonparticipants to 
ascertain major risk factors in that 
group had only a 26.4% response. 
After the study visit was completed, 
48 persons were found to be ineligible, 
leaving a total of 1380 participants: 945 
cases (68.5%) and 435 controls (81.5%). 
This article is based on interview and 
examination data from these partici- 
pants, who were classified into the 
following study groups: 72 PSC only, 
137 nuclear only, 290 cortical only, 
446 mixed cataract, and 435 controls. 
The mixed group consisted of the fol- 
lowing subgroups: PSC and cortical, 
112; PSC and nuclear, 91; nuclear and 
cortical, 105; and PSC, nuclear, and 
cortical, 188. Of the cases, 59.3% had a 
LOCS I score of 2 and 44.0% had a 
visual acuity of 20/40 or worse in one or 
both eyes. Table 1 presents the distri- 
bution of study groups by age, sex, 
race, and educational status; Table 2 
lists the diagnoses among the controls. 
Cases were similar to controls in 
frequency of physician visits and other 
health care use variables. Verification 
of the medical and medication history 
data obtained by interview was at- 
tempted for the 1134 participants 
(82.6%) who had a primary care physi- 
cian and authorized the release of such 
information. Physician response after 
three mailings was 85.6% for cases and 
85.8% for controls. Results, which 
were similar across all case groups and 
controls, showed excellent agreement 
between self-report and physician re- 
port of diabetes (k=0.81) and hyper- 
tension (R =0.79), fair to good agree- 
ment for coronary heart disease, use of 


oral steroids, and gout medications 
(k= 0.50 to 0.64), and poor agreement 
for arthritis («=0.37) and aspirin 
usage (k=0.28). In the first step of 
statistical analysis, several variables 
were significantly associated with one 
or more types of cataract as outlined 
below. 


Nutritional Factors 


Most of the ORs for nutrient intake 
were under unity; the number of sta- 
tistically significant associations was 
related to the size of each case group. 
A decreased risk of some cataract 
types was associated with the follow- 
ing: high dietary intake of vitamin A, 
vitamin C, vitamin E, riboflavin, nia- 
cin, thiamine, and iron; high values of 
the antioxidant index; ever use of mul- 
tivitamin supplements on a regular ba- 
sis (at least once a week for at least 1 
year); and high body mass index (kilo- 
gram per square meter) (Table 3). 


Personal Characteristics 


Increased risk for certain case 
groups was associated with nonwhite 
race, low education (<12 years), non- 
professional occupation, and iris color 
(dark and medium vs light) (Table 4). 


Medical History Information 


Risk of some cataract types in- 
creased with the following: diabetes 
history (for at least 1 year); ever use of 
oral steroids and gout medications on a 
regular basis (at least once a week for 
at least 1 year); and current smoking 
(at least one cigarette a day for at least 
1 year and still smoking) (Table 4). 
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Diagnostic Categories 


Refractive error 
Presbyopia 
Myopia 
Hyperopia 
Unspecified 

Normal results of 
eye examination 

Eye pathology 
Eyelid 
Lacrimal 
Vitreous 
Retina 
Ocular hypertension 
Conjunctiva 
Cornea 
Orbit 
Other 

Total 


No. (%) 
206 (47.3) 





93 (21.4) 
136 (31.3) 





435 (100.0} 


Environmental and Other Factors 


Occupational exposure to bright sun- 
light (at least 2 h/d for at least 2 
months) decreased nuclear cataract 
risk; family history of cataract in par- 
ents and/or siblings; and use of eye- 
glasses before the age of 20 years 
increased mixed cataract risk (Table 
4). 

After the second analytic step, all 
the above factors remained statistical- 
ly significant. In the third analytic 
step, therefore, these variables formed 
the full model for’polychotomous logis- 
tic regression, controlling for age and 
sex, to evaluate risk factors by cata- 
ract type. The statistically significant 
dietary factors were highly intercorre- 
lated. As outlined in the “Methods” 
section, polychotomous logistic regres- 
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Nutritional intake 





































































Vitamin A, 1U 1.36 (0.59, 3.08) 0.86 (0.52, 1.42) 0.45 (0.23, 0.88)t 0.60 (0.37, 0.96)t 
Vitamin C, mg 0.73 (0.31, 1.73) 0.80 (0.50, 1.29) 0.48 (0.24, 0.99)t 0.72 (0.46, 1.12) 

Vitamin E, TE$ 1.18 (0.51, 2.75) 0.59 (0.35, 0.99)t 0.66 (0.33, 1.32) 0.58 (0.37, 0.93) 
Riboflavin, mg 1.85 (0.76, 4.49) 0.59 (0.36, 0.97) 0.72 (0.35, 1.45) 0.65 (0.40, 1.08) 

Niacin, mg 1.22 (0.52, 2.87) 0.59 (0.34, 1.00)t 0.57 (0.29, 1.13) 0.47 (0.30, 0.76)t 
Thiamine, mg 1.30 (0.50, 3.38) 0.51 (0.30, 0.86)+ 0.60 (0.30, 1.20) 0.55 (0.34, 0.91)t 
iron, mg 1.09 (0.49, 2.41) 0.62 (0.37, 1.04) 0.59 (0.30, 1.13) 0.48 (0.30, 0.80)t 














Antioxidant vitamins index 


0.89 (0.22, 3.55) 


0.42 (0.18, 0.97)t 


0.52 (0.15, 1.80) 





0.39 (0.19, 0.80)t 














Multivitamin supplements 


0.40 (0.21, 0.77)t 


0.52 (0.36, 0.75)t 


0.55 (0.33, 0.92)t 





0.70 (0.51, 0.97)t 

















Body mass index§ 


0.88 (0.67, 1.15) 


1.03 (0.88, 1.20) 


0.78 (0.62, 0.97)t 





1.09 (0.94, 1.25) 





* Changes in risk factors are as follows: nutritional intake, high vs low; multivitamin supplements, yes vs no; body mass index, 1 SD increase. 


+P = 05. 
TE indicates tocopherol equivalents. 


§Odds ratios are based on coefficients from the logistic regression controlling for age and sex. 


Control, % 
{n = 435) 


Risk Factors OR (95% Ci) 


Type of Cataract 
a ne a a ere 


Posterior Subcapsular 


Only, % 
{n = 72) 
OR (95% Cl) 





Nonwhite 


5.6 
0.38 (0.14, 1.08) 


Cortical Only, % 
{n = 290) 


OR (95% Ci) 


23.1 
2.32 (1.53, 3.53)¢ 


Nuclear Only, % 
{n = 137) 
OR (95% Cl) 


Mixed, % 
(n = 446) 
OR (95% CI) 





9.6 
1.05 (0.52, 2.15) 


15.2 
1.37 (0.88, 2.12) 





Low education 


25.0 
1.46 (0.82, 2.62) 





Nonprofessional 


71.8 
1.02 (0.58, 1.80) 


29.9 
1.85 (1.27, 2.68) 


34.6 
1.99 (1.21, 3.27)¢ 


33.0 
1.90 (1.34, 2.70)t 





77.5 
1.11 (0.77, 1.60) 


86.1 
1.81 (1.02, 3.22)+ 


79.9 
1.29 (0.91, 1.81) 





Darker iris color 


58.0 
0.70 (0.42, 1.18) 





Diabetes 





15.3 
1.47 (0.70, 3.08) 


71.0 


1.47 (1.05, 2.08)t 


17.9 
1.98 (1.25, 3.13} 


72.2 
2a 





a 
0.47 (0.19, 1.19) 


66.6 





1.96 (1.28, 3.00)t 





Oral steroids 


9.7 
5.73 (2.14, 15.3)t 


1.0 
0.48 (0.13, 1.80) 


3.6 
2.18 (0.65, 7.28) 


3.6 
1.56 (0.59, 4.14) 





Gout medications 


4.2 
1.12 (0.31, 4.02) 


3.4 
1.26 (0.50, 3.14) 


4.4 
1.26 (0.38, 4.24) 


8.1 
2.71 (1.35, §.42)+¢ 





Current smoking 


23.9 
1.64 (0.87, 3.08) 








fork in suniig! 


49.3 
1.28 (0.72, 2.26) 


16.5 
1.10 (0.78, 1.84) 


20.4 
2.30 (1.30, 4.07)+ 





34.1 
0.91 (0.64, 1.30) 


26.3 
0.53 (0.30, 0.94)t 


17.8 
1.47 (0.99, 2.18) 


36.1 
0.80 (0.57, 1.12) 





Use of eyeglasses 


26.8 
1.58 (0.88, 2.83) 





Family history 


*Cl indicates confidence interval. 
tP = .05. 


sion analyses were conducted sepa- 
rately for each of the individual nutri- 
ents and the antioxidant index; these 
analyses yielded similar results. To 
evaluate associations with all vitamins 
with antioxidant potential and account 
for their possible joint effects, the final 
"analyses used the index defined a prio- 
-cY to represent and summarize these 

nutrients; results for the individual 
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24.2 
0.87 (0.47, 1.59) 


22.8 
1.14 (0.78, 1.67) 


19.7 
1.21 (0.73, 2.00) 


25.0 
1.50 (1.06, 2.11)¢ 





29.2 
1.10 (0.77, 1.57) 


30.2 
1.32 (0.82, 2.13) 


37.4 
1.72 (1.24, 2.37)t 





nutrients are presented in the text. 
The full model considered four case 
groups (PSC, cortical, nuclear, and 
mixed cataracts) and one reference 
group—the controls. Before reaching 
the final reduced model, all case 
groups were combined and compared 
with the controls by dichotomous lo- 
gistic regression to evaluate whether 
risk factors were similar across all 


cataract types. A x’ test of deviance 
showed that combining all the four 
case groups into one was not accept- 
able simplification (deviance = 438.4; 
df=54; P<.001). 

Table 5 presents the ORs with 95% 
confidence intervals based on the coef- 
ficients estimated from the final re- 
duced model. A x’ test of deviance 
indicated that this reduced model was 
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Type of Cataract 
aaee a, 
Posterior 
Subcapsular 
Only OR (95% C!) 


Cortical Oniy 
OR (95% CI) 


Nuclear Only 
OR (95% Ch) 


Mixed 


Risk Factors OR (95% Cl) 








Age (03 (0.99, 1.06) “1,09 (1.06, 1.11) 1.17 (1.13, 1.21)t 1.13 (1.11, 1.16)t 
Female 0.67 (0.39, 1.16) 1.51 (1.07, 2.12)ł 1.00 (0.61, 1.64) 1.10 (0.80, 1.50) 
Nonwhite # 2.03 (1.40, 2.93)t # # 
Low education 1.46 (4.06, 2.02)4 1.46 (1.06, 2.02} 1.46 (1.06, 2.02)4 1.46 (1.06, 2.02) 
Nonprofessional # # 1.96 (1.10, 3.50)4 # 
Darker iris color # # 1.52 (0.99, 2.35) # 
Multivitamin suppiements 
Antioxidant vitamins 
index§ 

Body mass index 
RTE 
Diabetes§ 
Oral steroids 
Gout medications # 
Current smoking 

ronmental and other exposures oe z E 
Use of eyeglasses # 1.44 (1.06, 1.94)¢ 
Work in sunlight 0.61 (0.37, 0.99)+ # 





























0.63 (0.47, 0.34) 0.63 (0.47, 0.84)+ 0.63 (0.47, 0.84)t 0.63 (0.47, 0.84)+ 








0.75 (0.18, 3.99) 0.40 (0.21, 0.78)t 0.40 (0.21, 0.78)t 0.40 (0.21, 0.78)t 


0.76 (0.62, 0.95)+ # 














1.56 (1.03, 2.35)¢ 
5.83 (2.39, 14.2} # # 
2.48 (1.42, 4.25)t 
1.68 (1.03, # 


1.56 (1.03, 2.35)¢ 1.56 (1.03, 2.35)¢ 0.45 (0.19, 



































Family history # 





1.52 (1.17, 1.99)t 


* Changes in risk factors are as follows: age, 1-year increase; body mass index, 1 SD increase; antioxidant index, high vs low; the remaining risk factors, yes vs no. 
The symbol “#’' designates ORs of 1 for those coefficients constrained to be equal to the controls. Cl indicates confidence interval, 


+Comparisons of cases vs controls: P < .01. 


Comparisons of cases vs controis: .01 < P < .05. 


§Comparisons among groups: antioxidant vitamins index —(cortical = nuclear = mixed) vs PSC, P = .20; diabetes—(PSC = cortical = mixed) vs nuclear, P < .01. 


compatible with the observed data (de- 
viance = 40.4; df=42; P=.58). In this 
table, similar coefficients were con- 
strained to be equal across case groups 
for low education (all groups), regular 
use of multivitamins (all groups), anti- 
oxidant vitamins index (all groups ex- 
cept PSC), and diabetes (all groups 
except nuclear). The symbol “#” desig- 
nates ORs of 1.00 for those groups 
constrained to be equal to the controls. 
The results found in this final model 
are similar in direction and magnitude 
to those obtained from the Mantel- 
Haenszel analyses in Tables 3 and 4. 
Given the size of the study groups, the 
power to detect ORs of at least 2 for 
factors with a frequency of at least 
15% among the controls was 57% for 
PS, 94% for cortical, 79% for nuclear, 
and 98% for mixed cataracts (a =.05; 
two-sided tests). It is possible, there- 
fore, that only large ORs could be 
detected for the PSC group. 

As expected, all case groups were 
associated with age (except for PSC); 
the ORs provide a measure of the 
increase in cataract risk for an increase 
of 1 year in age. Other variables re- 
lated to all cataract types were educa- 
tion and use of multivitamins. Having 
less than 12 years of education in- 
creased the risk (OR= 1.46) for every 
cataract type; regular use of multivita- 
min supplements was protective 
(OR = 0.63) for each of the four cata- 


ract types. The lower use of maltivita- 
min supplements in cases than eontrols 
was observed in all age, sex, race, and 
education subgroups, regardless of the 
criteria to define such use (Tabie 6). 
High intake of several dietary nutri- 
ents decreased the risk of cortical, 
nuclear, and mixed cataracts; the PSC 
group was not significantly different 
from the other case groups (P = .20) or 
from the controls (P=.35), but the 
power to detect associations in this 
group was low because of sample size. 
Results for the index summarwing in- 
take of vitamins with antioxidant po- 
tential are given in Table 5 (OR = 0.40); 
similar results were found in separate 
analyses for the individual nutrients. 
When each nutrient was entered in the 
final model, ORs were very similar to 
those presented in Table 3 and re- 
mained statistically significant in the 
larger case groups. Odds ratios ranged 
from 0.48 to 0.56 with upper 95% confi- 
dence limits under unity for riboflavin, 
niacin, and thiamine in cortical cata- 
ract and for vitamin E, niacin, thia- 
mine, and iron in mixed cataract. 
Posterior subcapsular, cortical, and 
mixed cataracts were associated with a 
history of diabetes for at least 1 year 
(OR =1.56). Other risk factors were 
specific for only one cataraet type. 
Thus, the use of oral steroids for 
at least 1 year was associated only 
with PSC (OR=5.83). Females 
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(OR =1.51) and nonwhites (OR = 2.03) 
were at increased risk only for cortical 
cataract. Risk factors specifie for nu- 
clear cataract were a nonprofessional 
occupation (OR = 1.96), current smok- 
ing (OR = 1.68), occupational exposure 
to sunlight (OR =0.61), and body mass 
index, where an increase of 1 SD re- 
duced risk (OR = 0.76). A dark/medium 
iris color, which was associated with 
nuclear cataract in the initial analyses, 
had 95% confidence intervals including 
unity in the final model. Regular use of 
gout medications (OR=2.48), family 
history of cataract (OR = 1.52), and use 
of eyeglasses before age 20 years 
(OR = 1.44) were risk factors only for 
mixed cataract. 


COMMENT 


The study found general risk factors 
for all cataract types as well as specific 
risk factors for some case groups. 
These findings support the multifac- 
torial hypothesis of cataractogenesis 
and reinforce the need to evaluate 
cataract types separately. Interpreta- 
tion of the results, however, must first 
consider alternative explanations, such 
as selection bias, ’misclassification, bias 
in the ascertainment of risk factors, 
and confounding. 


identification of Cases and Controls 


We did not select cases from a cata- 
ract surgery setting since the reasons 
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that lead to patient selection and refer- 
ral for surgery may cause biases”™ 
that are difficult to assess; in addition, 
the selection of an appropriate control 
group for surgical cases is problematic. 
Our cases and controls were outpa- 
tients visiting the same general eye 
services, an approach that increased 
their comparability on socioeconomic, 
demographic, health care utilization, 
and other factors. Biases would occur 
if risk factor status had a different 
influence on the outpatient visits of 
cases and controls, eg, because of self- 
referral or physician referral. The 
probability of these biases seems 
small, since the possible association of 
cataract with most of the factors under 
study is not well known. Ascertain- 
ment bias could exist for diabetes be- 
cause diabetics consult ophthalmolo- 
gists more frequently than nondiabet- 
ics; such bias appears unlikely, since 
diabetes frequency was not increased 
in all the case groups (Table 4). No 
evidence suggests that controls with 
different diagnoses had different risk 
factors, since the distribution of these 
factors was similar in controls with 
refractive error (n= 206), normal re- 
sults of eye examinations (n=93), or 
eye abnormalities (n=136). Knowl- 
edge of risk factor status is also unlike- 
ly to have affected patient selection for 
the study, because (1) a detailed proto- 
col for case and control selection was 
followed, (2) the recruiting staff was 
unaware of the specific factors under 
study, and (3) most-risk factors (eg, 
nutrient intake, use of multivitamins, 
etc) were determined after LOCS 
participation. 
Misclassification of persons into the 
case and control groups was minimized 
--by using a simple and reproducible 
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12 32.0 36.0 29.9 
48.2 37.7 















* A indicates at least once a week for at least 1 month; B, at least once a week for at least 1 year. 


system of lens classification; in addi- 
tion, more than half of the classifica- 
tions were performed by one examin- 
er. If random misclassification did 
occur, its effect would be to decrease 
the study's ability to detect significant 
differences among the groups. 

Nonparticipation could cause bias if 
the frequency of the risk factors under 
study was related to participation sta- 
tus. Cases and controls had identical 
participation rates; no differences be- 
tween participants and nonparticipants 
could be determined. Other case-con- 
trol studies of elderly patients report 
lower participation rates of 43% to 
65%.” 


identification of Risk Factors 


Interviewer bias was minimized by 
following a standardized protocol and 
format; the interviewer was also un- 
aware of the case or control status of 
the participant and of the specific 
study hypotheses. Misclassifications of 
risk factor status due to inaccurate 
measurements (eg, of body mass, nu- 
trient intake) are unlikely to differ 
between cases and controls. Recall 
bias could have occurred if cases were 
more (or less) likely than the controls 
to remember risk factors such as nutri- 
ent intake, diabetes, smoking, or use 
of vitamins, steroids, gout medica- 
tions, or eyeglasses. This possibility 
cannot be eliminated but seems unlike- 
ly, since the case-control differences 
were seen only for those self-reported 
factors and were specific (except for 
multivitamins) for some cataract types 
only. Furthermore, the results of the 
physician verification of medical infor- 
mation showed no difference in the 
results for cases and controls, with 
acceptable to excellent agreement for 


use of medications and diabetes. Cata- ` 
ract family history, however, is espe- 
cially susceptible to recall bias and 
such information was not verified. 


Other Issues 


To address the issue of confounding, 
multivariate analysis methods were 
used. Because many variables were 
evaluated and multiple comparisons 
were made, the possibility of chance 
findings must be considered; there was 
a specific rationale, however, for in- 
cluding each of the risk factors evalu- 
ated in the study. In sum, although the 
possibility of biases and other limita- 
tions can never be totally eliminated, 
the potential of such problems to affect 
the associations observed seems low. 


General Cataract Risk Factors 


Low education has been identified 
consistently as a cataract risk faetor in 


other studies, including the parallel — 


India-US study.”* Our results also 
suggest that use of multivitamin sup- 
plements is protective for all types of 
cataract, with users having less than 
two thirds the risk of nonusers. The 
following was the first question used to 
ascertain nutritional supplement in- 
take: “Have you ever in your lifetime 
taken any vitamins or any minerals 
(like calcium) on a regular basis (at 
least once a week for at least 1 
month)?” Further questions obtained 
data on the type of preparation, fre- 
quency, and length of use. The most 
frequent supplements used were mul- 
tivitamin preparations. To obtain a rig- 
orous definition, only those persons 
who took multivitamin supplements 
regularly at least once a week for at 
least 1,year were considered users. 
Although comparisons are limited by 
the differences in study populations 
and definitions of “user,” the frequen- 
cy and patterns of supplement use in 
our controls by age, sex, race, educa- 
tion, and type of preparation are con- 
sistent with national data. ™™ The dif- 
ferences in multivitamin use between 
cases and controls persisted after con- 
sidering other risk factors (Table 5) 
and were consistent across age, sex, 
race, and education subgroups (Table 
6), giving further support to the con- 
clusion that the association is real. 
Similar results were found by another 
case-control study, where 175 cataract 
surgery patients consumed significant- 
ly less supplementary vitamins C and 
E than their age- and sex-matched 
controls.” 


Specific Cataract Risk Factors 


Two or More Cataract Types. — 
High values of the index of antioxidant 
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vitamin intake were protective, de- 
creasing the risk of cortical, nuclear, 
and mixed cataract by more than half 
(Table 5). Of the individual nutrients, 
vitamin E, riboflavin, niacin, thiamine, 
and iron remained significantly associ- 
ated with cortical and mixed cataract 
in the final analyses, a result that may 
be related to the larger size of these 
case groups. These findings are consis- 
tent with the India-US study and other 
epidemiologic studies that reported as- 
sociations of cataract with low nutrient 
intake” and decreased blood levels of 
antioxidants such as vitamin C, vita- 
min E, and the carotenoids.“““ A 
decreased intake of vitamins C and E, 
riboflavin, and carotene is also consis- 
tent with evidence from laboratory and 
experimental animal studies that sug- 
gest that antioxidant nutrients protect 
against oxidative damage to the lens.” 
Dietary intakes of thiamine, niacin, 
and iron were similarly decreased in 
cases, which could be explained by the 
similar food sources for such nutri- 
ents.” The associations with nutrient 
intake seemed to be independent of 
total calorie intake; these findings sug- 
gest that specific nutrients in the diet, 
rather than total intake, are related to 
cataract risk. 

Diabetes was associated with PSC, 
cortical, and mixed cataracts but nu- 
clear cataract was unrelated to diabe- 
tes in this study. In fact, diabetes 
frequency tended to be low in the 
nuclear group (Tables 3 and 5). In 
the final model, results for the nu- 
clear group were significantly dif- 
ferent (P<.01) from those of the 
other groups. While the diabetes-cata- 
ract association has been well estab- 
lished,?"""""" it was not found in other 
studies where nuclear opacities were 
the most frequent cataract type." 
The lack of a relationship between 
diabetes and nuclear cataract suggests 
that the pathogenic mechanism for dia- 
betic cataract predominantly affects 
other lenticular zones. Previous stud- 
ies have found the diabetes-cataract 
association only among persons youn- 
ger than 65 years.*""" While several 
explanations have been proposed for 
the lack of association at older ages, 
another possibility is the preponder- 
ance of nuclear cataract with advanc- 
ing age. 

One Cataract Type.—PSC Only.— 
The PSC patients were younger and 
the group tended to have more whites 
and men than the other groups (Table 
1). Only the use of oral steroids was 
identified as a PSC risk factor, con- 
firming the relationship found in other 
studies.” However, the low power of 
the study to detect risk factors for 





PSC may account for the laek of other 
significant associations, such as with 
dietary intake variables. 

Cortical Only.—A higher prevalence 
of cortical cataract in women than men 
has been reported”; this is consistent 
with our finding that women were at 
increased risk only for cortical cata- 
ract. The risk of cortical cataract for 
nonwhites was double that for whites, 
an association also reported previous- 
ly.” A high frequency of cataract exists 
in tropical areas of the world such as 
India, * where skin pigmentation is 
darker than in areas of lower cataract 
prevalence. The association with non- 
white race found in our study was 
independent of educational, occupa- 
tional, and other factors and may indi- 
cate a genetically determined influence 
on pathogenesis. 

Nuclear Only.—A nonprofessional 
lifetime occupation increased nuclear 
cataract risk, an association found 
after controlling for educational sta- 
tus. Age- and sex-adjusted analy- 
ses by specific occupational categor- 
ies showed significantly more factory 
workers among the nuclear group than 
the controls (OR =2.2 [1.08 to 4.31). 

Current smoking increased nuclear 
eataract risk, an association previously 
reported by others.” This association 
was present only for current smokers, 
a group that had the longest duration 
of exposure to cigarettes. 

Persons with nuclear cataract had a 
decreased occupational exposure to 
sunlight, which is consistent with their 
high frequency of factory workers, ie, 
an indoors type of occupation. Some 
studies have reported that sunlight 
increases risk of cortical and mixed 
cataracts, but they found no relation- 
ship with nuclear cataract’; other 
case-control studies did not find defini- 
tive associations with sunlight expo- 
sure." Our inability to confirm that 
risk of any cataract increases with 
sunlight exposure could be due to the 
limited range of such exposure in our 
urban study population; it ceuld also be 
explained by the limitations of the self- 
reported data on sun exposure. 

Persons in the nuclear greup had low 
body mass; this finding is consistent 
with their low frequency of diabetes, 
which is related to body mass. Similar 
results were found in the parallel study 
conducted in India* where nuclear cat- 
aract was associated with low body 
mass and low intake of some nutrients. 

Mixed Only.—Use of gout medica- 
tions was associated only with mixed 
cataract. The cataractogenic potential 
of allopurinol, especially for PSC, has 
been suggested in some reports*” but 
not confirmed in others.“ Another 
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significant factor was the use of eye- 
glasses before the age of 20 years, a 
variable used as an indicator of myo- 
pia. Because cataract often induces 
myopia, analyses based on current re- 
fractive error would be difficult to 
interpret. Since the onset of myopia 
is predominantly during adolescence, 
most persons with clinically significant 
myopia would be expected to wear 
corrective lenses for distance vision by 
the age of 20 years. While there was a 
high agreement between this variable 
and a refractive error of one diopter or 
less, the reason for using eyeglasses at 
an early age was not verified and the 
association with myopia is suggestive 
only. Family history of cataract was 
also related to mixed cataract risk. As 
mentioned previously, recall bias could 
have influenced this finding. 


CONCLUSIONS 


The LOCS results confirm earlier 
reports that cataract is related to iow 
socioeconomic and nutritional status. 
This conclusion is supported by the 
association with low education, a non- 
professional occupation, intake of vita- 
mins and iron, and body mass. The 
significant protective effects of dietary 
nutrients parallel those for use of mul- 
tivitamin supplements. These results 
persisted after controlling for other 
factors and are consistent with reports 
of a protective role for antioxidant 
vitamins." While interpretation of 
such evidence have been hampered by 
methodologic limitations of some stud- 
ies, LOCS was carefully designed to 
evaluate these factors while exploring 
other possible cataractogenic agents as 
well. Although these results show that 
nutritional factors were independently 
related to cataract in multivariate ana- 
lyses, further confirmation and care- 
ful interpretation of these results is 
needed. 

In addition to the general risk fac- 
tors above, diabetes was confirmed as 
a risk factor for all cataract types, 
except nuclear. A new finding sug- 
gested by the study is that diabetes 
has a different association with nuclear 
than with other types of cataract. Nu- 
clear cataract was also significantly 
different from the other groups with 
regard to current smoking, occupation, 
work in sunlight, and body mass. In- 
terpretation of these findings must 
consider that our lens classification 
system defines nuclear cataract based 
on the opalescence of the nucleus; nu- 
clear color is graded separately in this 
system.” As such, our criteria for nu- 
clear cataract are different from those 
used in other studies. 

Other personal characteristics, such 
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as female sex and nonwhite race, in- 
creased the risk of cortieal cataract. 
The. cataractogenic potential of oral 
steroids: (PSC) and gout medications 
_ (mixed cataract) is supported by the 
-. study: Supportive evidence is also pro- 
< vided for the association of mixed cata- 
— — fact with myopia and family history. 

The LOCS results suggest a multi- 
factorial etiology in cataractogenesis, 
where personal, nutritional, medical, 
and other exposures accelerate lens 
opacification, perhaps through the 
common pathway of oxidative damage. 
Although some general risk factors 
were identified, the different types of 
cataract had different risk factors, 
thus supporting the premise that cata- 
ract. types need to be evaluated 
separately. 

Given its prevalence, even a modest 
decrease in cataract risk has major 
public health implications. From this 
viewpoint, risk factors amenable to 
modification or intervention are the 
most interesting findings of this study, 
because they offer a possibility for 
cataract prevention. A potential for 
modifying cataract risk is suggested by 
the associations with nutritional intake 
and use of multivitamin supplements. 
The study also suggests a role for 
other potentially modifiable factors, 
such as use of some medications and 
smoking. The results highlight a need 
for periodic lens evaluations among 
persons with diabetes and those using 
oral steroids or gout medications. Such 
periodic monitoring could lead to early 
identification of lens changes and ap- 
propriate patient treatment. Because 
reducing cataract risk would have ma- 
jor implications, future studies are 
needed to confirm and evaluate the 
potentially modifiable factors sug- 
gested by this study. 
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Low-Dose Aspirin and Risks of Cataract 
in a Randomized Trial of US Physicians 


Johanna M. Seddon, MD; William G. Christen, PhD; JoAnn E. Manson, MD; 
Julie E. Buring, DSc; Robert D. Sperduto, MD; Charles H. Hennekens, MD 


+ Observational studies have raised 
the question of a possible benefit of 
aspirin on the development of cataract. 
The Physicians’ Health Study, a random- 
ized double-masked placebo-controlied 
trial among 22 071 male physicians, aged 
40 to 84 years, provided the opportunity 
to collect information about whether low- 
dose aspirin therapy (325 mg on alter- 
nate days) affects the development or 
extraction of cataract. There were 173 
age-related cataracts among those phy- 
sicians assigned to aspirin therapy and 
180 among those given placebo (relative 
risk, 0.95; 95% confidence interval, 0.74 
to 1.22). Cataract extractions were less 
frequent in the aspirin than in the place- 
bo group, but this difference was not 
statistically significant (relative risk, 
0.80; 95% confidence interval, 0.56 to 
1.15). Among younger men (aged 40 to 
59 years), the relative risks were 0.62 
(95% confidence interval, 0.40 to 0.94) for 
cataract development and 0.67 (95% con- 
fidence interval, 0.38 to 1.31) for cataract 
extraction. These randomized trial data 
tend to exclude any large benefit of aspi- 
rin. While the overall findings concerning 
cataract development seem to be null, 
the data on extraction of age-related cat- 
aract, while not statistically significant, 
cannot exclude a possible small to mod- 
erate benefit of aiternate-day aspirin 
therapy on the extraction of age-related 
cataract. 

(Arch Ophthalmol. 1991;109:252-255) 
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Cataract is a leading cause of im- 

paired vision and blindness world- 
wide.’ In the United States, approxi- 
mately 3.3 million people have visual 
impairment and at least 43000 are 
legally blind from cataracts, most of 
which are age-related.” Cataract sur- 
gery is now the most frequently per- 
formed operation in persons older than 
60 years in the United States, with 
more than 1 million cataract operations 
performed annually.’ 





See also pp 196, 244, and 256. 





Recently, aspirin therapy has been 
postulated to prevent cataract forma- 
tion or to slow its progression, possi- 
bly by acetylation of lens proteins’ or 
by improving glucose tolerance.’ 
Some,**’ but not all,” observational 
studies support this hypothesis. In the 
only previous randomized trial ¢to our 
knowledge), ” which mentions the asso- 
ciation between aspirin and cataract, 
no statistically significant assoeiation 
was observed. Due to the relatively 
small number of end points in that 
trial, however, only large protective 
effects could be reliably detected or 
excluded. 

The Physicians Health Study 
(PHS), a randomized double-masked 
placebo-controlled trial invelving 
22071 male physicians, designed to 
determine whether low-dose aspirin 
therapy reduces risks of cardiovascu- 
lar disease and whether ®-carotene 
decreases cancer incidence, has pro- 
vided an opportunity to determine the 
role of each of these agents in cataract 
development or the need for extrac- 
tion. Herein, we describe the available 
data concerning aspirin therapy and 
eataracts as of January 25, 1988, the 
date the randomized aspirin compo- 
nent of the study was terminated early 
due largely to a statistically extreme 
benefit on the risk of a first myocardial 
infarction. 
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SUBJECTS AND METHODS 
Study Population 


A detailed description of the subjects and 
methods of the PHS has been previously 
reported.” Briefly, the PHS is a 2x 2 facto- 
rial design study testing low-dose aspirin 
therapy (Bufferin, Bristol-Meyers Prod- 
ucts, New York, NY) (825 mg every other 
day) on the risks of cardiovascular disease 
and B-carotene (40-mg supplement on alter- 
nate days) in the primary prevention of 
cancer. In 1982, a total of 22 071 apparently 
healthy male US physicians between the 
ages of 40 and 84 years were enrolled in the 
study. Baseline information included 
height, weight, history of cigarette smok- 
ing, history of alcohol use, blood pressure, 
cholesterol levels, history of diabetes melli- 
tus, medication history, and history of eata- 
ract. A total of 11037 physicians were 
randomly assigned to receive aspirin thera- 
py and 11084 were assigned to receive 
placebo. 

Each year, questionnaires were sent to 
all participants to monitor their compliance 
with the treatment regimen and the occur- 
rence of any relevant events, including cat- 
aract. When a participant reported a diag- 
nosis of cataract, written consent forms 
identifying the treating ophthalmologists 
were obtained. Ophthalmologists were con- 
tacted by mail and asked to complete cata- 
ract questionnaires that requested informa- 
tion about the presence of lens opacities, 
visual acuity loss, cataract extraction, other 
ocular abnormalities that could explain de- 
creased visual acuity, and cause(s) of cata- 
ract, if present (including age-related, trau- 
matic, congenital, inflammatory, or 
surgery- or steroid-induced cataract) Al- 
ternatively, ophthalmologists could supply 
the requested information by providing 
photocopies of the relevant medical records. 
Medical record information was available 
for 86.9% of subjects in the aspirin group 
and 86.7% in the placebo group. 

When the aspirin component of the trial 
was terminated, the average follow-up time 
was 60.2 months, with 109 408 person-years 
of observation. The average compliance 
with assigned treatment was 85.71% in the 
aspirin group and 85.77% in the placebo 
group. (Compliance was defined as taking 
at least 90 of the 180 assigned pills in the 
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alternate-day regimen per year for the aspi- 

rin group and not taking aspirin or other 

nonsteroidal anti-inflammatory drugs at 
“yeast 90 days per year for the placebo 
group.) 

The present report includes cataracts di- 
agnosed after randomization but before 
January 25, 1988, among the 21316 male 
physicians who did not report cataract at 
baseline. 


Definition of Cataract 


Cataract was defined as a lens opacity 
that reduced the best corrected visual acu- 
ity to 20/30 or worse in the absence of 
alternate ocular disease (eg, macular dis- 
ease or amblyopia) to explain the visual 
loss. In the presence of alternate ocular 
disease, a lens opacity was considered a 
eataract if, in the judgment of the ophthal- 
mologist, the severity was sufficient to re- 
duce the best corrected visual acuity to 
20/30 or worse when considered alone. In 
addition, the cataract must have been age 
related, so that congenital cataracts and 
those due to trauma, steroids, intraocular 
inflammation, or surgery were excluded. A 
case was defined as a participant who re- 
ported cataract in one or both eyes after 
randomization. 


Data Analysis 


Two cataract end points were considered: 
confirmed and cataract extraction. To ex- 
amine whether 325 mg of aspirin taken 
every other day reduces the development of 
cataracts, we calculated incidence rates of 
reported and confirmed cataract cases in 
the aspirin and placebo groups. Each inci- 
dence rate was defined as the number of 
participants with cataract divided by the 
number of person-years during which treat- 
ment was received. An individual contrib- 
uted person-time to total follow-up begin- 
ning at the time of randomization and 
continuing until the initial diagnosis of cata- 
ract or January 25, 1988, whichever came 
first. The relative risk of cataract in the 
aspirin group vs the placebo group was 
calculated with the use of stratified ana- 
lyses that adjusted for age and B-carotene 
treatment assignment. Because an extend- 
ed duration of exposure to aspirin may be 
required to achieve an effect, the analyses 
were repeated, excluding cataracts report- 
ed during the first year of treatment. 

The incidence rates of cataract extraction 
were also compared to test for a difference 
in progression or severity between the aspi- 
rin and placebo groups. The relative risk of 
cataract extraction in the aspirin group vs 
the placebo group was calculated with the 
use of stratified analyses that adjusted for 
age and B-carotene treatment assignment. 
An analysis was also conducted that ex- 
cluded cataracts extracted during the first 
year of treatment. 

Stratified analyses were performed to 
evaluate possible modification of the effect 
of aspirin on cataract by several baseline 
characteristics that have been suggested as 
possible risk factors, including diabetes 
mellitus” (yes, no); cigarette smoking’™ 
(never, past, current); hypertension (systol- 
. i¢ blood pressure, =160 mm Hg or diastolic 


__ Arch Ophthalmo!—Vol 109, February 1991 





Characteristics 


Placebo Group 
{N = 10662) 


Aspirin Group 
(N = 10654) 





Mean age, y 
40-49 


52.8 + 9.2 52.8 + 9.2 
42.1 42.2 





50-69 


52.2 52.3 








70-84 


5.7 5.5 





Geographic region 
Northeast 


27.9 28.1 





Midwest 


22.2 21.4 





South or southwest 


26.1 27.4 





Mountains of far west 


22.8 22.4 





Other 


0.9 0.8 





Mean systolic BP, mm Hg 


126.0 + 11.9 125.9 + 11.6 





Mean diastolic BP, mm Hg 


78.9 + 7.5 78.7 + 7.5 





Reported hypertensiont 


13.7 13.5 





Mean cholesterol level, mmol/L 


5.45 + 1.15 5.45 + 1.15 





Reported high cholesterolt 


6.9 6.8 





Reported diabetes mellitus 


2.4 2.2 





Mean body mass index, kg/m? 


24.9 + 3.1 24.9 + 2.99 





History of angina pectoris 


1.3 





Parental history of Mi 


13.2 





leaith habits 
Cigarette smoking 
Never 


49.5 50,1 





Past only 


39.6 38.9 





Current 


10.9 11.1 








Mean No. of cigarettes per day 
<15 


219 + 12.9 22.6 + 13.6 
3.0 2.9 





15-24 


3.6 3.8 





25+ 


4.2 4.3 





Alcohol use 
Mean No. of drinks per week 
Daily 


3.5 + 3.2 3.6 + 3.2 
24.5 24,7 





Rarely or never 





14.7 15.0 


*Values are mean + SD or percent, unless otherwise stated. BP indicates biood pressure (self-reported); -< 


MI, myocardial infarction. 


tHypertension indicates a systolic BP of 160 mm Hg or greater or a diastolic BP of 95 mm Hg or greater, or 


current treatment. 


$High cholesterol level is defined as 6.75 mmol/L or greater, or current treatment. Self-reported cholesterol 


levels were available for one third of the sample. 


blood pressure =95 mm Hg, or hyperten- 
sion being treated currently)’” (yes, no); 
hypercholesterolemia (cholesterol level, 
26.75 mmol/L or being treated currently)” 
(yes, no); and aleohol use’ (daily, weekly, 
rarely). 

For each relative risk, the two-sided P 
values and 95% confidence intervals” were 
calculated. Tests for trend of the effect of 
age on the association between aspirin and 
cataract were calculated with the use of 
weighted regression analyses of the stra- 
tum-specific relative risks. 


RESULTS 


Baseline characteristics that are 
possible determinants of cataract de- 
velopment were evenly distributed be- 
tween the aspirin and placebo groups 
(Table 1). 

Overall, 832 participants reported a 
diagnosis of cataract during the follow- 
up period. In a review of medical rec- 
ords, 353 cataracts (42%) were con- 
firmed, ie, satisfied criteria for 
inclusion in the trial. Of these, 121 


were extracted during the follow-up 
period. A total of 479 reported cata- 
racts were excluded from the trial. 
Reasons for exclusion included one or 
more of the following: visual acuity 
better than 20/30 (90%), cause other 
than age related (40%), and/or ocular 
disease other than cataract causing 
visual loss (11%). 

Overall, 173 cataracts were con- 
firmed among those assigned to the 
aspirin group and 180 were confirmed 
among those assigned to the placebo 
group (relative risk, 0.95; 95% confi- 
dence interval, 0.74 to 1.22) (Table 2). 
In age-stratified analyses, data on the 
subgroup of younger men (age, 40 to 
59 years: relative risk, 0.62; 95% confi- 
dence interval, 0.40 to 0.94) but not 
older men (age, 60 to 84 years: relative 
risk, 1.12; 95% confidence interval, 
0.88 to 1.42) raised the possibility of an 
association. 

Cataract extractions were less fre- 
quent in the aspirin than in the placebo 
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group, but this apparent. decrease of 
20% did not achieve statistical signifi- 
cance in this sample (relative risk, 
0.80; 95% confidence interval, 0.56 to 
1.15) (Table 3). This nonsignificant de- 
crease was apparent among younger 
men (age, 40 to 59 years: relative risk, 
0.67; 95% confidence interval, 0.38 to 
1.21) but not older men (age, 60 to 84 
years: relative risk, 0.90; 95% confi- 
dence interval, 0.57 to 1.42). No appre- 
ciable modifying effects of other fac- 
tors, such as diabetes mellitus, 
cigarette smoking, hypertension, high 
cholesterol level, or aleohol use, were 
noted (Table 4). 

Because a long duration of treat- 
ment may be necessary before any 
benefit of aspirin might emerge, we 
repeated the analyses, excluding cata- 
racts diagnosed or extracted during 
the first year of treatment. The results 
were similar for both cataract develop- 
ment (relative risk, 0.92; 95% confi- 
dence interval, 0.72 to 1.16) and ex- 
traction (relative risk, 0.81; 95% 
confidence interval, 0.56 to 1.18). 


COMMENT 


These randomized trial data clearly 
exclude any large effect of aspirin ther- 
apy on cataract development or extrac- 
tion. While the overall findings on cat- 
aract development seem to be null, the 
data on cataract extraction, while not 
statistically significant, cannot exclude 
a possible small to moderate benefit of 
alternate-day low-dose aspirin thera- 
py. Specifically, an apparent 20% de- 
crease in cataract extractions was 
noted among physicians assigned to 
the aspirin group, but the confidence 
limits were wide. Thus, although these 
data are compatible with a possible 
protective effect of aspirin, chance is a 
likely alternative explanation. 

If aspirin therapy is protective 
against cataract formation, there are 
several possible reasons for our failure 
to provide a truly informative result. 
Perhaps the most important of these 
reasons is a reduced number of end 
points and a consequential loss of sta- 
tistical power, the necessary conse- 
quences of the early termination of the 
randomized aspirin component of the 
trial, due primarily to a statistically 
> extreme reduction in risk of first myo- 

~¢ardial infarction among those taking 
aspirin.” Thus, the numbers of inci- 
dent cataracts and cataract extractions 
observed are smaller than originally 
anticipated, and a minimum risk reduc- 
tion of 25% would have been necessary 
to achieve statistical significance. The 
aspirin hypothesis may be tested fur- 
ther in this population but only 
through ongoing observational follow- 
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Group 95% 
Aspirin Placebo Relative Confidence 
Age, y {N = 10664) {N = 10 662) Risk interval 


40-49 g 11 0.52 0.18-1.50 
50-59 44 0.62 0.38-1.01 
60-69 75 1.05 0.76-1.44 
70-84 50 1.20 0.83-1.75 
Total Cataracts 0.95 0.74-1.22 


* Test for trend of the effect of age on the association between aspirin and cataract, P = .02. Person-years 
of observation were 52 670.5 for the aspirin group and 528674.6 for placebo group. 


Group 



























Group 95% 
Aspirin Placebo Relative Confidence 
Age, y (N = 10554) {N = 10662) Risk Interval 


40-49 a 1.0 
50-59 0.61 
60-69 0.62 
70-84 E 4.73 0.76-3.92 
Tota! Extractions 0.80 0.56-1.15 


* Test for trend of the effect of age on the association between aspirin and cataract extraction, P = .15. Per- 
son-years of observation were 53 013.43 for the aspirin group and 52 998.8 for the placebo group. 


Group 














0.32-1.19 
0.34-1.12 

















No. of Cataracts/ Total No. (%) 
POEDER ENE 
Aspirin Group 


Relative 


Placebo Grou Risk P (Trend) 








4/231 (1.73) 
63/10419 (0.60) 


6/250 (2. 
48/10 393 (0.46) 











26/5330 (0.49) 
29/4137 (0.70) 
12/1177 (1.02) 


24/5263 (0.46) 
Past 23/4211 (0.55) 
Current 7/1161 (0.60) 











9/1443 (0.62) 18/ 1424 (1.26) 
44/9109 (0.48) 49/9133 (0.54) 











45 (0.62) 4/639 (0.63) _ 
44/8665 (0.51) 51/8701 (0.59) 











Daily 21/2590 (0.81! 24/2607 (0.92) 
Weekly 21/5266 (0.40) 26/5163 (0.50) 
Rarely 12/2703 (0.44) 16/2803 (0.57) 
* Hypertension indicates a systolic bloed pressure of 160 mm Hg or greater or a diastolic blood pressure of 
95 mm Hg or greater, or current treatment. 
tHigh cholesterol! level is defined as 6.75 mmol/L or greater, or current treatment. Self-reported cholesterol 
levels were available for one third cf the sample. 











masked to the aspirin treatment as- 
signment. Random misclassification, 
which would underestimate any true 
effect of aspirin on cataract, should 
also be considered. To minimize this 
possibility, we obtained medical rec- 
ords, incorporated a visual acuity cri- 
terion into our definition, and required 
that the cataract alone be of sufficient 
severity to cause visual loss of 20/30 or 
worse, as determined by the examin- 
ing physicians. Confounding is unlikely 


up of the cohort. In contrast, the ran- 
domized §-carotene compenent is on- 
going and should provide particularly 
informative data on its possible role in 
cataract development and extraction. 
In addition to loss of power, a possible 
alternative explanation is differential 
misclassification. This possibility, how- 
ever, seems unlikely, because physi- 
cians who reviewed medical records, 
treating ophthalmologists, and partici- 
pants who reported cataracts were all 
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“din this randomized trial of very large 
sample size because potential con- 
founders, which were either uncol- 

= Jeeted (UV exposure)” or unknown, 

-are likely to be equally distributed 
“between the aspirin and placebo 
groups at baseline, as were all other 
health-related factors for which data 
were available (Table 1). 

An inadequate duration of treatment 
and follow-up may have limited our 
ability to assess an effect of aspirin on 
cataract formation. The average fol- 
low-up time of 5 years is relatively 
short, due to early termination of the 

. trial. It is possible that the effect of 
-aspirin may be delayed and would not 
be expected early in the trial. We tried 
to evaluate that possibility and found 
that- the results were similar when 
analyses were restricted to later 
years. In addition, the dose of aspirin 
used (825 mg every other day) might 
be too low. Bioavailability of oral salic- 
ylate is unknown, and the plasma level 
of salicylate sufficient to affect the 
metabolism of the lens is unclear. Both 
these limitations would tend to under- 
estimate any true effect of aspirin on 
cataract formation. On the other hand, 
it should be noted that the incidence of 
side effects with this dose is low,” and 
risks associated with higher doses may 
not be warranted for a common health 
problem in the elderly, in whom surgi- 
cal treatment is known to be 
suecessful. 

In situations where there are no 
overall effects, subgroup analyses are 
particularly difficult to interpret. 
Nonetheless, in subgroup analyses in 
the present study, aspirin therapy 
seemed to have a greater effect in 
younger age groups, for both cataract 
development and extractions. There 
was also a tendency for a greater bene- 
fit of aspirin therapy on cataract ex- 
tractions than cataract development. 
While chance may explain these find- 
ings, these observations also raise the 
possibility that aspirin may have a 

_ differential impact on various types of 
cataracts. This speculation is compati- 
~ ble with the results of one recent case- 
-control study’ that showed that taking 
aspirin one or more times per month 
reduced the risk of posterior subcapsu- 
lar cataract formation and mixed types 
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of cataract. Posterior subcapsular cat- 
aracts, especially those occurring with- 
out accompanying opacities, make up a 
larger proportion of cataracts in the 
younger age groups” and account for 
a disproportionately large number of 
cataract extractions.” 

Our results do not firmly support, 
but are not inconsistent with, previous 
studies that have suggested a possible 
relationship of aspirin in decreasing 
the risk of cataract formation. *®? How- 
ever, some of these reports, and others 
that failed to find a relationship,*" 
have methodologic problems, including 
uncontrolled confounding and lack of a 
detailed history on quantity and dura- 
tion of aspirin intake. Various mecha- 
nisms have been proposed to support a 
beneficial effect of aspirin. Acetylation 
of lens proteins may serve to protect 
them against chemical insults.* Low- 
ered blood glucose levels and improved 
glucose tolerance from aspirin use may 
also protect against cataract forma- 
tion." 

Although cataract extraction is one 
of the safest and most successful of all 
operations, the annual cost of these 
surgeries and the associated visual re- 
habilitation in the United States is at 
least $2.5 billion.” If the progression of 
cataract can be slowed enough to delay 
the need for surgery by even 10 years, 
the number of operations in the United 
States can be reduced by 45% annual- 
ly, resulting in savings of over $1.1 
billion per year.” However, aspirin use 
for a relatively common problem in 
older age groups, such as cataract, has 
potential side effects and broad impli- 
eations. Public policy should be based 
on the careful evaluation of the risks 
and benefits of aspirin use. 

In summary, these results exclude a 
large reduction in the risk of cataract 
formation (=25%) due to aspirin thera- 
py. Results are null for cataract devel- 
opment; however, for cataract extrac- 
tion, while not statistically significant, 
findings are compatible with a possible 
small protective effect of aspirin thera- 
py. These findings warrant further in- 
vestigation through continued follow- 
up of this cohort. 

This investigation was supported by grants 
EY 06633, HL 34595, and CA 40360 from the 
National Institutes of Health, Bethesda, Md. 
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Exposure to Phenothiazine Drugs and Risk of Cataract 


Nancy E. Isaac, SeD; Alexander M. Walker, MD, DrPH; Hershel Jick, MD; Michael Gorman, MD 


e Clinical reports have indicated an 
increased risk of ocular opacities in us- 
ers of phenothiazine drugs, and some 
recent epidemiologic studies have found 
an association between cataract and a 
history of tranquilizer use. To examine 
the effects of major tranquilizers (pheno- 
thiazines and haloperidol) on the risk of 
cataract extraction, while controiling for 
suspected risk factors such as diabetes 
and steroid use, a matched cohort study 
was performed using information from a 
large health maintenance organization in 
Seattle, Wash. The use of either antipsy- 
chotic or other phenothiazine drugs in- 
creased the risk of cataract extraction by 
roughly 3.5 times in individuals who were 
both current users and were exposed 
some time in the 2 to 5 years prior to 
their extraction. Risk was also increased 
in individuals with prior use of antidiabe- 
tic agents, systemic steroids, and benzo- 
diazepines. Contrary to some prior re- 
ports, there was no elevated risk as- 
sociated with use of antihypertensives, 
and there was no protective effect for 
aspirin, acetaminophen, or ibuprofen. 

(Arch Ophthalmol. 1991;109:256-260) 


B7 the mid-1960s, a decade after 
the introduction of phenothiazine 
drugs, there were reports of drug- 
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related ocular opacities and pigmenta- 
tion in patients who had been receiving 
continuous high-dose therapy, particu- 
larly with chlorpromazine.” Later 
studies reported that other phenothi- 
azine drugs were capable of causing 
the same effects.’ Additienal case se- 
ries have reported similar findings, 
although there is disagreement over 
the degree of visual impairment in- 
volved, the reversibility ef pigmenta- 
tions, and whether this phenomenon is 
common to all phenothiazine drugs.*’ 
Most reports have focused on the anti- 
psychotic phenothiazines. 





See also pp 244 and 252. 





Phenothiazines are believed to cause 
lenticular and corneal pigmentation by 
combining with melanin te form a pho- 
tosensitive product.’ Colman et af 
performed a case-contrel study in 
North Carolina to examine the associa- 
tion between cataract and sunlight ex- 
posure. An unexpected finding of the 
study was that a history of 6 months or 
more of tranquilizer use was associated 
with a risk ratio of 2.20 (95% confi- 
dence interval, 1.10 to 4.38). The study 
did not collect data separately for ma- 
jor and minor tranquilizers, and the 
authors hypothesize that the drugs 
used were most likely to be sleeping 
pills and minor tranquilizers. 

Phillips and Clayton’ reported a 
threefold increase in the risk of cata- 
ract in users of major tranquilizers and 
no increased risk with use of minor 
tranquilizers. Their category of “major 
tranquilizers” contained agents from a 
variety of pharmacologic groups, in- 
eluding barbiturates, monoamine oxi- 
dase inhibitors, and tricyclic antide- 
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pressants as well as phenothiazines. To 
examine the association among use of 
phenothiazine drugs, benzodiazepine 
drugs, and the risk for cataract, a 
matched retrospective cohort study 
was performed using data from a large 
health maintenance organization in Se- 
attle, Wash. 


PATIENTS AND METHODS 


Group Health Cooperative of Puget 
Sound (GHC) is a consumer-owned health 
maintenance organization that was founded 
in 1947. It maintains its own clinics, hospi- 
tals, and centralized pharmacy, and it pro- 
vides prepaid coverage for almost all outpa- 
tient and inpatient services, including 
medications. Current membership is ap- 
proximately 360 000 persons. Hospital dis- 
charge information on all GHC members 
was coded anonymously using the Commis- 
sion on Professional and Hospital Aetivi- 
ties—-Professional Activity Study method- 
ology since 1972. Coded hospital data, 
which include admission and discharge 
dates, procedure codes, and discharge diag- 
noses, are available in machine-readable 
form. All outpatient pharmacy use has been 
computerized at GHC since July 1976, and 
previous studies have indicated that more 
than 95% of group members fill their 
prescriptions at GHC pharmacies. ™? Hos- 
pitalization and pharmacy files are linked at 
the Boston Collaborative Drug Surveillance 
Program to allow analysis ef exposure and 
outcomes in the plan population. 

According to internal surveys, the GHC 
population is 90% non-Hispanic white. Of 
members older than 18 years, 92% have 
completed high school, and two thirds have 
had more than 12 years of education. Un- 
employment among the members was 4% in 
1985. 

All individuals who had at least 2 years of 
pharmacy experience at GHC between 1976 
and 1987 (2 years between their first and 
last prescription or refill) were identified. 
Two years of pharmacy experience were 
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Year of 
Birth 


<1890 
1890-1894 
1895-1899 
1900-1904 
1905-1909 
1910-1914 
1915-1919 
1920-1924 
1925-1929 
1930-1931 
Total 


Men, 
No. (%)} 
34 (0.2) 
207 (1.1) 
551 (3.1) 
1105 (6.3) 
1874 (10.6) 
2970 (16.9) 
3371 (19.1) 
3418 (19.4) 
2872 (16.3) 
1221 (6.9) 
17 623 


Women, 
No. (%) 
61 (0.2) 
359 (1.3) 
953 (3.4) 
1668 (6.0) 
2707 (9.8) 
3980 (14.4) 
5131 (18.5) 
5665 (20.5) 
5057 (18.3) 
2097 (7.6) 
27678 


















Category 





Meaning 





Current User 
Long term 


Years 2-5 


First year 


Duration unknown 


Recent, not current 


No recent or current use 





Exposure 


Last use in the 12 mo preceding extraction, use in every 12-mo 
period back to 60-71 mo prior to extraction 

Use in the 12 mo preceding extraction and in months 12-23 pre- 
ceding extraction; no use in at least one of the periods 24-35, 
36-47, 48-59 mo preceding extraction 

Use in the 12 mo preceding extraction; no use in months 12-23 
preceding extraction 

Last use in the 12 mo preceding extraction; first record 12-59 mo 
preceding extraction, but first recorded use coincides with first 
use of pharmacy 

No use in the 12 mo preceding cataract extraction; last use 12- 
23 mo preceding extraction 

No use in the 24 mo preceding cataract extraction 


























No. of Cases Relative incid 








~ Current use 


betic medications 







































































































































































Year 1 26 1.73 (0.99-3.02) 

Years 2-5 45 2.06 (1.33-3, 19) 

Person-Time Long term 46 2.95 (1.86-4.66) 

Exposure Category in Years . Unknown duration 12 2.55 (1.11-5.86) 

ae 3 z ae = R i pastes. = 14 2.91 (1.36-6. 18) 
Antipsychotic phenothiazines 22 5509 4.00 ziemie steroida Tooo 

Other phenothiazines Year 1 71 1.47 (1.06-2.02) 

i Years 2-5 51 1.79 (1.19-2.67) 

Long term 26 2.91 (1.51-5.60) 

p Unknown duration 11 3,12 (1.25-7.81) 

Antipsychotic phenothiazines Recent past use 46 1.23 (0.85-1.78) 








Other phenothiazines 157 

















Haloperidol 5 


*IR indicates incidence rate = case per 1000 person-years. 


required to ensure that sufficient medica- 
tion history was available to describe cases. 
Only individuals born in 1931 or earlier 
were included in the study in an effort to 
restrict the analysis to senile cataract. 

This population of individuals was divided 
into groups that shared three matching 
factors: sex, year of birth, and year of first 
use of the GHC pharmacy. Age and sex are 
potential confounders of the associations of 
interest. Year of first use of the GHC 
pharmacy is a proxy for joining GHC, and 
matching on this variable controls for 
length of membership in the plan. Length of 
membership may be related to health status 
due to restrictions on healthiness at enroll- 
ment, although this is probably not the case 
for group enrollees. Groups sharing all 
three matching factors were subsequently 
divided into randomly selected sets of five 
(“quintuplets”). 

The three exposures of primary interest 
were antipsychotic phenothiazine drugs, 
other phenothiazine drugs, and haloperidol. 
The antipsychotic phenothiazines included 
were chlorpromazine hydrochloride, thiori- 
dazine hydrochloride, trifluoperazine hy- 
drochloride, perphenazine, fluphenazine hy- 
drochloride, and fluphenazine decanoate. 
The other phenothiazine drugs were pro- 
chlorperazine edisylate, prochlorperazine 
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maleate, promethazine hydrochloride, and 
trimeprazine tartrate. 

The exposure history of all individuals in 
the quintuplets was assessed to determine 
whether any individual in a given quintu- 
plet had used any of these exposure drugs. 
All sets with no use of exposure drugs were 
excluded from further analysis. The re- 
maining sets are referred to as the “Mixed 
Exposure Cohort.” Table 1 describes the 
sex and year of birth distribution of this 
population of 45 301 individuals. 

All incident cases of a cataract extraction 
procedure were identified among members 
of the mixed exposure cohort. Patients 
were identified as those having two related 
entries in the automated files: first, a proce- 
dure code indicating extraction; second, a 
prescription for an ophthalmic anti-inflam- 
matory or antibacterial drug within a week 
after the procedure. The second restriction 
was employed so as to ensure that the 
pharmacy claims histories being evaluated 
were indeed those of the persons undergo- 
ing the extractions. For lack of resources, 
we did not review the written medical 
records of these patients. Therefore, we do 
not have information on cataract subtype. 

Because 2 years of drug history informa- 
tion were required for all cases, all individ- 
uals with an incident cataract extraction 





“From conditional logistic models adjusted for variables in the table, sex, year 
of birth, and length of plan membership; baseline is no recent or current use. Num- 
bers in parentheses indicate 95% confidence intervals. 


procedure occurring in their first 2 years of 
pharmacy experience were excluded from 
the cohort. (This explains why all of the 
numbers in Table 1 are not multiples of 
five.) 

Follow-up in the mixed exposure quintu- 
plets began 2 years after each individuals 
first use of the GHC pharmacy, and it 
ended with either an incident cataract ex- 
traction procedure or last use of the GHC 
pharmacy system. For the calculation of 
crude incidence rates, all person-time oc- 
curring before first use of an exposure drug 
was classed as nonexposed for that drug, 
and all person-time after first use was 
classed as exposed. Cases were assigned to 
the category of person-time to which the 
individual was contributing when the cata- 
ract extraction occurred. 

In a proportional hazards analysis, 
matched sets in which no cataract event 
occurs do not contribute to the rate ratio 
calculation; all such sets were excluded at 
this point. The remaining “Cataract Event 
Cohort” comprised 4674 individuals— 1555 
men and 3119 women. 

Proportional hazards models in matched 
cohort data are equivalent to conditional 
logistic regression models when there is one 
event per matched set. To use conditional 
logistic analysis software, the matched sets 
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containing more than one cataract event 
were segregated into their individual “risk 
sets.” A risk set is the group of individuals 
still under follow-up in a matched set at the 
time of an event in that set. The exposure 
and covariate values of interest are those 
pertaining to each individual at the time of 
the risk set formation, ie, the time of the 
cataract extraction procedure in the case 
(the “event date”). Statistical software 
(Epilog) was used to run conditional logistic 
regression models examining the effect of 
the exposures and covariates on risk for 
eataract extraction.” 

For each member of a risk set, its expo- 
sure status and covariate values were as- 
sessed using the GHC pharmacy files. In 
addition to the exposures to major tranquil- 
izers and other phenothiazines, covariate 
information was obtained on use of the 
following medications: benzodiazepines, an- 
tidiabetics, steroids, glaucoma medications, 
aspirin, acetaminophen, ibuprofen, and an- 
tihypertensives. Confounding as the result 
of concurrent use of these medications was 
assessed by inclusion of use of these drugs 
in conditional logistic regression models. 
When point estimates of exposure coeffi- 
cients changed by 10% or less as the result 
of including covariate data, confounding 
was judged (empirically) to be absent. All 
individuals whose pharmacy records re- 
flected use of glaucoma medications prior to 
the event date were excluded from further 
consideration. This was done to avoid the 
detection bias that occurs in individuals 
whose eyes receive special scrutiny due to 
the presence of ocular disease. Use of major 
tranquilizers, other phenothiazines, and co- 
variate drugs was assessed as of the event 
date and characterized according to the 
scheme described in Table 2. 


RESULTS 


Table 3 presents the crude incidence 
rates for cataract extraction proce- 
dures in men and women for nonex- 
posed person-time and person-time as- 
sociated with the three exposures of 
interest. The incidence rates are 
slightly higher for person-time corre- 
sponding to exposure, with the excep- 
tion of women exposed to haloperidol. 
In general, these incidence rates are 
comparable to previously reported cat- 
aract extraction rates in the United 
States, given the age and sex distribu- 
tion of the cohort.” They are slight 
underestimates due to lack of correc- 
tion for existing aphakia in the pop- 
ulation. 

In the matched analyses, which per- 
mitted control for sex, year of birth, 
calendar year, and duration of plan 
membership, the strongest associa- 
tions with risk of cataract extraction 
were for prior use of antidiabetic drugs 
and prior use of steroid medications. 
Table 4 presents the rate ratios for 
these exposures. Use of antidiabetic 
medications and steroids was included 
in all other logistic regression models, 


Exposure 





7 “Antipsychotic 
Current use 
Year 1 


Relative Incidence* 


0.92 (0.41-2,04) 





Years 2-5 


3.32 (1.17-9.45) 





Long term 


0.74 (0.18-3.08) 





Unknown duration 


0.34 (0.02-5.51) 





Recent past use 





Other phenothiazines: 
Current use 
Year 1 


1.23 (0 68) 


1.10 (0.74-1.66) 





Years 2-5 


3.79 (1.70-8.45) 





Long term 





o 





Unknown duration 


o 





Recent past use 





~ Haloperido = oo0o 
Current use 
Year 1 


0.73 (0.45-1.17) 


0.80 (0.23-2.86) 





Years 2-5 


0.94 (0.15-5.69) 








Long term 


o 





Unknown duration 


is] 





Recent past use 





0.42 (0.11-1.66) 


* From conditional logistic models adjusted for sex, year of birth, length of plan membership, use of antidi- 
abetic drugs, and use of steroid drugs. Nambers in parentheses indicate 95% confidence intervals. 


since they were strong predicters and 
tended to slightly confound the associ- 
ation of other variables with cataract 
extraction. 

Table 5 presents the rate ratios for 
the two phenothiazine drug categories 
and haloperidol from conditional logis- 
tic models controlling for the matching 
factors and use of antidiabetics and 
steroids. Table 6 presents the rate 
ratios for aspirin, acetaminophen, ibu- 
profen, antihypertensives, and benzo- 
diazepines. When each of these vari- 
ables was examined as an exposure, 
there was no evidence for confcunding 
by the other covariates as determined 
by examination of point estimates from 
nested models that included and ex- 
cluded each covariate. 

Both antipsychotic and nonantipsy- 
chotic phenothiazine drugs showed 
some association with increased risk 
for cataract extraction, although this 
risk did not display any particular 
trend across exposure categories. Risk 
for cataract extraction was approxi- 
mately 3.5 times greater in those ex- 
posed to antipsychotic or other pheno- 
thiazines currently and also some time 
in the period 2 to 5 years prior to 
extraction. There was no significant 
association with recent, long-term, or 
unknown duration of exposure, al- 
though the 95% confidence intervals 
for both long-term and unknown dura- 
tions were compatible with threefold 
increases in risk. For the nonantipsy- 
chotic phenothiazines, there were no 
cases with long-term or unknown dura- 
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tions of exposure. This was also true 
for haloperidol, which showed no sig- 
nificant associations with risk for cata- 
ract extraction in the remaining ex- 
posure categories. Examining these 
relationships separately in men and 
women yielded largely the same re- 
sults. 

Recent but not current use of aspirin 
was associated with a modest in- 
creased risk for cataract extraction, as 
was use of acetaminophen in years 2 
through 5. There was no association 
between any of the ibuprofen exposure 
categories and risk for cataract extrac- 
tion; the same was true for exposure to 
antihypertensive medications. 

Use of benzodiazepines in the first 
year or years 2 through 5 was associat- 
ed with a slight increased risk for 
cataract extraction. The rate ratio was 
1.37 (1.02 to 1.84) for exposure in the 
first year and 1.57 (1.09 to 2.25) in 
years 2 through 5. A similar but non- 
significant point estimate is found in 
the other exposure categories. This 
association remained essentially un- 
changed when it was examined only in 
individuals who had not used any anti- 
psychotic phenothiazines. 


COMMENT 


In agreement with clinical opinion 
and several other epidemiologie stud- 
ies, both antidiabetic agents and sys- 
temic steroids showed an association 
with increased risk of cataract extrac- 
tion in this study.°" The effects of 
antidiabetic agents were relatively sta- 
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No. of Cases 














Relative Incidence * 














Year 1 147 1.06 (0.84- 1.34) 
Years 2-5 134 1.06 (0.83- 1.37) 
Long term 37 1.16 {0.74-1.80} 
Unknown duration 6 0.61 (0.24-1.50) 








Recent past use 





1.40 (1.11-1.78) 








Current use 

















Year 1 183 1.06 (0.85-1.32) 
Years 2-5 142 1.51 (1.17-1.94) 
Long term 64 1.42 (0.99-2.03) 
Unknown duration 12 1.09 (0.51-2.33) 








Recent past use 





1.03 (0.82-1.30) 





Current use 




















Year 1 116 1.11 (0.86-1.44) 
Years 2-5 64 1.16 (0.83-1.63) 
Long term 5 2.75 (0.70- 10.84} 
Unknown duration 1 0.52 (0.06-4.41) 








Recent past use 

















Current use 


0.82 (0.61-1.11) 














Year 1 31 0.91 (0.57-1.45) 
Years 2-5 29 0.78 (0.48-1.24) 
Long term 27 0.92 (0.53- 1.60) 
Unknown duration 10 0.71 (0.32-1.57) 








Recent past use 





0.97 (0.58-1.63) 








epi 
Current use 



























* From conditional logistic models adjusted for sex, year of birth, length of plan membership, use of antidi- 


Year 1 81 4.37 (1.02-1.84) 
Years 2-5 54 1.57 (1.09-2.25) 
Long term 49 1.33 (0.88-2.01) 
Unknown duration 16 1.19 (0.58-2.45) 
Recent past use 74 1.22 (0.89- 1.67) 


abetic drugs, and use of steroid drugs. Numbers in parentheses indicate 95% confidence intervals. 


ble across exposure categories, while 
steroids showed a trend of increasing 
risk with increasing duration of expo- 
sure. These findings are similar to 
those of Walker et al” who performed 
a case-control study of cataract extrac- 
tion in the GHC population. 

For both antipsychotic and other 
phenothiazines, only the exposure cat- 
egory “years 2 through 5” had a 95% 
confidence interval, excluding one. 
There are several potential explana- 
"tions for this finding. One possibility is 
that there is little or no causal associa- 
tion between exposure to phenothi- 
azines and cataract formation, but use 
of these drugs over some time is an 
indicator for greater contact with med- 
ical services and a greater likelihood of 
cataract detection with subsequent 
treatment. The fact that no association 
was found for the analgesic drugs or 
antihypertensives weakens this argu- 
ment, but the phenothiazines may be 
associated with illnesses requiring 
more frequent medical monitoring. 
“Second, phenothiazine drugs are 
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likely to cause anticholinergic side ef- 
fects, including blurred vision. In- 
creased frequency of ophthalmic ex- 
amination resulting from side effect 
complaints could also result in detec- 
tion bias. A third possibility is that 
there is a causal association between 
phenothiazine drugs and cataract, but 
the manner in which these drugs are 
used leads to an apparent lack of dura- 
tion-response trend in these data. This 
argument applies primarily to the an- 
tipsychotic phenothiazines. Because 
there were no cases in two exposure 
categories for the other phenothi- 
azines, it is difficult to draw conelu- 
sions about trends. 

There is a lack of elevated risk in the 
“long-term” and “unknown duration” 
exposure categories for antipsychotic 
phenothiazines. However, this result 
is based on small numbers of individ- 
uals. There were only three cases of 
long-term exposure and only one case 
of exposure of unknown duration. This 
may be due to the pattern of antipsy- 
chotic drug use in individuals requiring 






































long-term therapy. For persons to be 
categorized as long-term users, they 
had to have filled at least. one preserip- 
tion or refill in every year prior to 
becoming a case, going back 5 years. 
However, many individuals who re- 
quire these drugs, even those with 
chronic mental illness, go through peri- 
ods of remission when drug therapy is 
discontinued. It would not be uncom: ` 
mon for someone with considerable 
lifetime exposure to antipsychotic phe- 
nothiazines to have spent an entire: 
year without receiving these drugs — 
within the 5 years prior to cataract: 
extraction. 

The fact that the categories of phe- . 


nothiazines show similar relative inei- 


dence estimates in the three exposure 
categories where information is avail-- 
able strengthens the argument that 
there is a physiologic effect of pheno- 
thiazine compounds on the formation of 
cataract. If the association were due = 
entirely to the joint effects of various: 
biases, it seems unlikely that the re- 
sults would be so similar for two cates: 
gories of drugs with considerably dif. 
ferent indications. 

There was no association between 
the use of haloperidol and risk for: 
cataract extraction in these data. Be- 
cause the indications for this drug are- 
similar to those for the antipsychotic 
phenothiazines, the lack of an associa- 
tion with haloperidol also argues. 
against the possibility that detection or 
other biases entirely explain the find- 
ings for antipsychotic phenothiazines. 

Some researchers have hypothesized | 
that there may be a protective effect of ` 
aspirin use against cataract, ®™” al- 
though several epidemiologic studies: 
have failed to observe such an associa- 
tion 
not support a protective effect for any 
of the three analgesics examined. Both 
aspirin and acetaminophen show mod- 
estly elevated relative incidences in 
one exposure category each (“recent” 
exposure for aspirin and “years 2 
through 5” for acetaminophen) and es- 
sentially stable point estimates across 
exposure categories. There is no asso- 
ciation between use of ibuprofen and 
risk for cataract extraction in these 
data. 

However, there is likely to be mis- 
classification of exposure to these anal- 
gesics because they are available over 
the counter. Although GHC members 
have an economic incentive te pur- 
chase these drugs at plan pharmacies, 
where they are free of charge, it is 
likely that some purchases occur out- 
side the plan system. Nevertheless, 
the assertion that those individuals 
with prescriptions and refills in their 
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The data presented herein do = 








GHC pharmacy records. are on the 
whole. more exposed than those with 


no sign of use is probably a valid one. 


Previous studies of cataract risk fac- 


: “tors have differed in regard to findings 


for hypertension. The Framingham 
Eye Study” and the Edinburgh study” 
reported an increased risk of cataract 
associated with elevated blood pres- 
sure. By contrast, a study using data 
from the National Health and Nutri- 
tion Examination Survey reported no 
effect of elevated systolic blood pres- 
sure after controlling for several other 
risk factors, including age, sex, race, 
diabetes, and education.” Taylor et al” 
reported a slightly protective effect for 
hypertension against cataract. 

The data from this study indicate no 
association between the use of antihy- 
pertensive agents and risk of cataract 
extraction. However, use of antihyper- 
tensive medications is by no means an 
exact measure of the existence of ele- 
vated blood pressure. A significant 
proportion of hypertensive individuals 
go undetected, resulting in misclassifi- 
cation of hypertensive status when use 
of treatment drugs is the operational 
definition. 

Inspired by the recent finding of 
Collman et al,* we included the use of 
benzodiazepines as a covariate in this 
study. The relative incidence was sig- 
nificantly greater than one, and point 
estimates were similar across expo- 
sure categories. Given the lack of a 
duration-response trend, these results 
do not point clearly to a drug effect. 
Perhaps anxious individuals receive 
more medical care and are more likely 
to have their cataracts detected or 
extracted. This finding requires evalu- 
ation in future studies. 

Some aspects of the negative find- 
ings in this study may be due to the 
treatment of all cataracts as a single 
entity. There is increasing evidence 
that specific subtypes of cataract (nu- 
‘clear, cortical, posterior, subcapsular, 
and mixed) may have different etiolo- 
gies.” Because we do not have infor- 





mation on cataract subtype, the find- 
ings presented herein are actually 
weighted averages of the relative inci- 
dence rates for various subtypes, the 
weights being roughly proportional to 
the numbers of individuals in each 
subtype. An elevated or decreased risk 
of an uncommon subtype might easily 
be obscured in the overall results pre- 
sented herein. Lack of classification by 
subtype, however, cannot account for 
any of the positive associations noted. 
If an association is not common to all 
subtypes, then an examinatien of sub- 
type-specific relative incidences will 
necessarily yield some point estimates 
even higher than those presented 
herein. 
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- /l corneas bathed with sodium chloride and 
potassium chloride were maintained better than 
corneas bathed with sodium chloride only.//*' 


| 1. Bachman WG, Wilson G. Essential ions for maintenance of the corneal epithelial surface. invest Ophthalmol Vis Sci. 
fast 1985;26:1484-1488. The clinical significance of these in vitro data is unknown. 


* Excised comeas from New Zealand white rabbits. 
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- Detection of Herpesvirus DNA in Vitreous and Aqueous 
‘Specimens by the Polymerase Chain Reaction 


Gregory M. Fox, MD; Cecelia A. Crouse, PhD; Elaine L. Chuang, MD; Stephen C. Pflugfelder, MD; 
Timothy J. Cleary, PhD; Stephen J. Nelson, MD; Sally S. Atherton, PhD 


* Members of the herpesvirus family, 
cytomegalovirus (CMV), Epstein-Barr vi- 
rus (EBV), and herpes simplex virus 
(HSV), have been recognized as causal 
agents of chorioretinal inflammatory dis- 
eases. We investigated the use of the 
<=. polymerase chain reaction for the detec- 

~-4ion of CMV, HSV, and EBV genomes in 

aqueous, subretinal fluid, and vitreous 
specimens in patients with clinically di- 
agnosed CMV retinitis. Cytomegalovirus 
but not HSV or EBV genomic sequences 
were detected in all of these clinical 
specimens. We also investigated 18 nor- 
mal aqueous and eight normal vitreous 
specimens obtained from patients under- 
going cataract or vitrectomy surgery. Cy- 
tomegalovirus, HSV, and EBV DNA were 
not detected in any of the normal aque- 
ous specimens. There was one weakly 
positive CMV normal vitreous, but none 
was HSV or EBV positive by the polymer- 
ase chain reaction. These results indi- 
cate that the polymerase chain reaction 
may be useful as a rapid and sensitive 
diagnostic technique to aid in the confir- 
mation of clinical observations. 
(Arch Ophthalmol. 1991;109:266-271) 


erpesviruses are common causal 

agents of retinitis in both immuno- 
competent and immunosuppressed in- 
dividuals. Unusual cases of retinitis, 
multifocal choroiditis, and panuveitis 
have been attributed to the Epstein- 
Barr virus (EBV).’* Herpes simplex 
virus (HSV) and varicella-zoster vi- 
< rus have been associated with the 
acute retinal necrosis syndrome, and 
HSV“ and varicella-zoster’ have also 
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been reported as causes of retinitis in 
patients with the acquired immunode- 
ficiency syndrome (AIDS). Cytomega- 
lovirus (CMV) retinitis is the most 
common ophthalmic opportunistic in- 
fection in patients with acquired immu- 
nodeficiency syndrome (AIDS)."" Al- 
though a clinical diagnosis of CMV 
retinitis is most frequently made based 
on the typical appearance ef retinal 
lesions in patients with atypical fea- 
tures, it may be difficult to cifferenti- 
ate, based on clinical findings alone, 
between retinitis caused by CMV and 
infections due to other herpes group 
viruses or other nonviral pathogens. In 
patients with AIDS, simultaneous in- 
fection of the retina with multiple 
agents has also been reported that can 
make establishing a diagnosis on clini- 
cal findings alone even more difficult.” 
Because the recommended antiviral 
treatments differ for the various her- 
pes group viruses, optimal manage- 
ment requires a rapid and specific lab- 
oratory diagnosis to initiate 
appropriate antiviral therapy. 

The standard for making a specific 
virologic diagnosis is viral culture of 
intraocular specimens. Cytomegalovi- 
rus is difficult to grow in culture. Viral 
culture is particularly insensitive when 
only a minute quantity of intraocular 
fluids is available, and these cultures 
usually require days to weeks to grow. 
With the advent of molecular biology, 
new techniques have become available 
to diagnose viral infections by detect- 
ing intraocular antibodies to proteins 
(antigens) produced during viral infec- 
tion or by detecting specifie nucleic 
acid sequences from the virus genome 
in ocular specimens. To our knowl- 
edge, the sensitivity and speeificity of 
these techniques for the diagnosis of 
viral retinitis from intraocular fluid 
specimens have not been established. 

The- polymerase chain reaction 
(PCR) is a recently described molecu- 
lar technique that can amplify genomic 
sequences from an infectious agent 
over 1 million times yielding results 
within several hours.” The proven ad- 
vantages of this technique as a diag- 
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nostic aid are its specificity for amplifi- 
cation of a specific genomic sequence in 
minute specimens, its rapidity, and its 
sensitivity. Limiting dilution assays 
have estimated that the PCR tech- 
nique is sensitive enough to detect 
CMV viral genomes in urine specimens 
with very low infectivity titers (ap- 
proximately equals tissue culture in- 
fective dose for 50% of the time/L.).” 
This technique has previously been 
used on human specimens to detect 
infections with several viruses, includ- 
ing human immunodeficiency virus” 
and herpes group viruses (ie, CMV," 
EBV," HSV," and human herpesvirus 
type 6°). 

In this study, we employed PCR to 
detect herpesvirus DNA in vitreous, 
aqueous, and subretinal fluid (SRF) 
specimens from patients with clinically 
diagnosed CMV retinitis. Further- 
more, to our knowledge, there have 
been no reports using PCR to deter- 
mine if herpesvirus DNA may be de- 
tected in normal ocular specimens. 
Therefore, we have extended our stud- 
ies to evaluate ocular samples from 
clinically normal-appearing eyes to es- 
tablish a baseline for the presence of 
CMV, EBV, or HSV DNA in normal 
vitreous and aqueous specimens. 

MATERIALS AND METHODS 

All research specimens were collected by 
medically qualified personnel and with ap- 
propriate consent, approved by the Univer- 
sity Institutional Review Board. Normal 
aqueous specimens were obtained during 
routine extracapsular cataract surgery. Af- 
ter hemostasis was obtained with cautery, a 
groove was made at the surgical limbus. A 
paracentesis tract was made into the anteri- 
or chamber and a blunt cannula or a 30- 
gauge needle was placed into the anterior 
chamber to remove approximately 0.1 mL 
of aqueous. The chamber was then re- 
formed and the cataract surgery was com- 
pleted. Specimens were left within the ster- 
ile syringe and stored at ~ 76°C. A total of 
18 aqueous specimens were obtained from 
patients who had undergone routine cata- 
ract surgery. No specimens from patients 
with a history of ocular inflammatory dis- 
eases were included. 

Eyes chosen for normal vitreous speci- 
mens were selected to exelude those con- 


Herpesvirus DNA— Fox et al 











taminated with blood. Vitreous specimens 
were collected into a syringe attached to a 
sterile three-way stopcock inserted into the 
vitrectomy aspiration tubing during vitrec- 


tomies performed for proliferative 
vitreoretinopathy, subluxed nuclei, or epir- 
etinal membranes. The specimens were 
kept in a sterile syringe and stored at 
ICC. 

Ocular specimens from patients with 
AIDS with rhegmatogenous retinal detach- 
ments associated with CMV retinitis who 
underwent a therapeutic vitrectomy were 
also collected. All patients were receiving 
intravenous ganciclovir. Nine vitreous 
specimens were collected via the vitrec- 
tomy aspiration tubing or from the sterile 
collection container of the vitrectomy ma- 
chine. Subretinal fluid specimens were also 
obtained from five eves with CMV retinitis 
that -had internal drainage of SRF during 
vitrectomy as part of retinal detachment 
repair. Finally, three aqueous specimens 
from eyes with CMV retinitis were ob- 
tained via anterior chamber taps performed 
during vitrectomy or during cataract ex- 
traction. All of these clinical specimens 
were stored at ~ 76°C. 

Vitreous specimens were also obtained 
from eight eves from four patients with 
AIDS; the specimens were received within 
24 hours after death by our eve pathology 
laboratory. With sterile technique, a para- 
centesis tract was made into the anterior 
chamber of these eyes using a sterile surgi- 
eal blade. Aqueous was withdrawn using a 
25-gauge needle. Vitreous was obtained 
through the pars plana after a sterile 2-mm 

. dermatologije punch was used to create a 
hole in the sclera 4 mm from the limbus. An 
18-gauge needle was then used to puncture 
the pars plana, and another 18-gauge sterile 
needle was placed into the center of the 
vitreous cavity and the specimen was re- 
moved, These specimens were stored in the 
sterile syringes at — 76°C. A 1:10 dilution of 
formaldehyde solution (87.5%) was then in- 
jected into the vitreous cavity and the eves 
were prepared for standard histologic ex- 
amination using hematoxylin-eosin staining. 
The identity of all specimens was masked 
during the time of the PCR experiments to 
ensure identical treatment of both control 
and clinical specimens. 


PCR and Hybridization 
of Labeled Probes 


The PCR technique was a modification of 
that described by Saiki et al.” Oligonucleo- 
tides were synthesized (Clonetech, Palo 
Alto, Calif). The source and nucleotide se- 
quences for the EBV, CMV, and HSV 
‘primers and probes have previously been 
deseribed.” 

Unconcentrated vitreous, aqueous, and 
“SRF specimens were boiled for 10 minutes 
before conducting PCR to denature pro- 
teins present in the specimen that might 
inhibit the PCR reaction. The PCR reac- 
tions included 30 uL of lysate from each 
specimen and 70 gL of a PCR master mix 






< consisting of 50 mmol/L of potassium chlo- 


Hide, 10 mmol/L of TRIS hydrochloride at a 


-H gf8.3, 1.5 mmol/L of magnesium chlo- 







<> vide, 0-1 mol/L each of 3’ and 5’ primer, 
200 pmol/L of dinucleotidetriphosphates, 
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Fig 1.— Top, Normal vitreous specimens obtained during vitrectomies were amplified for 
cytomegalovirus (CMV) by polymerase chain reaction (PCR). For each blot, 30 L of the PCR 
mixture was blotted onto a nyion filter, hybridized with the CMV-specific radioactive labeled 
probe, and autoradiographed for 3 hours. The positive control was a culture-positive urine 
specimen (row A, column 1). The negative control was placenta DNA (row A, column 2). A 
weakly positive PCR result was seen two of three times on one of eight of the purportedly normal 
vitreous specimens (row A, column 3). Seven of the eight normal vitreous specimens were 
negative for CMV DNA sequences (row A, columns 4 through 10). Bottom, Normal aqueous 
specimens obtained during routine cataract surgery were amplified for CMV DNA sequences as 
described. The blots were performed as previously described. All 18 aqueous specimens were 


negative for CMV DNA after autoradiography for 3 hours (row A, columns 3 through 11, and row ` 


B, columns 3 through 11). The positive control was a culture-positive urine specimen (row A, 
column 1), and the negative control was placenta DNA (row A, column 2). (X= no samples 


blotted.) 


200 mg/L of gelatin, and 2.5 U of Tag 
polymerase. Thirty PCR cycles were per- 
formed in an automated heating block. Each 
cycle consisted of (1) 94°C for 60 seconds, 
(2) 48°C for 30 seconds, and (3) 70°C for 60 
seconds. After amplification, a dot blot was 
performed according to a previously pub- 
lished protocol." Briefly, the synthetic oli- 
gonucleotide probe was radioactively end- 
labeled with adenosine 5 -triphosphate 
tetra (triethylammonium) salt (gamma-”P} 
using T4-polynucleotide kinase. After 
prehybridization of the blot at 37°C and 
hybridization at 45°C with the specifie ra- 
dioactive labeled probe, filters were washed 
four times for 10 minutes each at >in 
6x SSC (sodium chloride sodium citrate) 
(nonstringent) and once at 60°C for 30 min- 
utes in 3x SCC (stringent). Southern hy- 
bridization using gel electrophoresis was 
performed as described by Maniatis et al.” 
Filters were exposed (autoradiography 
film). Autoradiographs were developed and 
analyzed after 3 hours of exposure. 















Serology 


Serum was collected from normal pa- 
tients who donated ocular fluids for PCR 
experiments and was assayed for antibodies 
to CMV, HSV, and EBV. Assays for anti- 
bodies to EBV included an indirect immu- 
nofluorescence assay (Gull Laboratories, 
Salt Lake City, Utah) for the detection of 
antibody to capsid antigen and early anti- 
gen. An anticomplementary immunofluo- 
rescence test (Gull Laboratories, Salt Lake 
City, Utah) was used for the detection of 
antibody to nuclear antigen. The assays 
used for IgG and IgM antibodies against 
EBV-viral capsid antigen were performed 
by using P3HR-1 infectious mononucleosis 
cells. Fluorescein isothiocyanate—labeled 





caprine anti-human IgM (heavy-chain spe- 
cifie) was used in the IgM assay, and cap- 
rine anti-human IgG conjugate was used 
for the detection of IgG antibody (Clinical 
Sciences Inc, Whappany, NJ). 

An enzyme-linked immunosorbent assay 
was used for the detection of antibody to 
CMV and HSV (Whittaker Bioproducts 
Inc, Walkersville, Md). Caprine anti-hu- 
man IgG conjugated to alkaline phospha- 
tase was used to detect antibodies in this 
assay. 

RESULTS 
Amplification of EBV, CMV, and 
HSV-1 DNA Sequences in Normal 
Vitreous and Aqueous Specimens 


Because, to our knowledge, there 
have been no published reports using 
PCR to determine if herpesvirus DNA 
may be detected in normal vitreous 
and aqueous specimens, it was impor- 
tant to establish a baseline for these 
ocular fluids by testing specimens from 
normal undiseased eyes. It has been 
demonstrated in this laboratory that 
the primers used to amplify CMV 
DNA sequences are specific for CMV 
and do not amplify homologous geno- 
mic sequences in HSV type 1 (HSV-1), 
EBV, or human chromosomal DNA. 
Further, the DNA sequences ampli- 
fied by the CMV primers and detected 
by a CMV-specific radioactive labeled 
probe are well conserved among many 
isolates of the same virus strain,” 

The results of PCR amplification for 
CMV DNA sequences from eight nor- 
mal vitreous samples are shown in Fig 
1, top (row A, columns 3 through 10). 
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PCR Arnpiificationt 


Specimen No. of Specimens 

Normal aqueous 18 
Normal vitreous 
Clinical CMV retinitis 

Vitreous 

SRF 

Aqueous 
Eyes from patients with AIDS] 

Eyes with CMV retinitis 

Vitreous 


























Aqueous re 
Normal-appearing eyes 
Vitreous 











Aqueous 


* PCR indicates polymerase chain reaction; CMV, cytomegalovirus; EBV, Epstein-Barr vires; HSV, herpes 
simplex virus; SRF, subretinal fluid; and AIDS, acquired immunodeficiency syndrome. 

tNumber positive /total number of samples. 

+This result was significantly different from normal vitreous (P < .01). 

§The sensitivity of the PCR technique to detect CMV DNA in the vitreous from these specimems was observed 
to be 160%. Statistically, at the 95% confidence level, the sensitivity of the PCR on vitreous specimens of this 
type is no lower than 83%. 

Eyes were obtained at autopsy within 24 hours of death. 





Fig 2.—Aqueous, vitreous, and subretinal fluid were obtained from patients with acquired 
immunodeficiency syndrome undergoing vitrectomies for retinal detachments occurring after 
treatment of cytomegalovirus (CMV) retinitis with ganciclovir. The polymerase chain reaction, 
performed as previously described, amplified CMV DNA in nine of nine vitreous specimens (row 
A, columns 3 through 1 1), in five of five subretinal fluid specimens (row B, columns 3 through 7), 
and in three of three aqueous specimens (row C, columns 3 through 5). The positive control was 
a CMV culture-positive urine specimen (row A, column 1), and the negative controlwas placenta 
DNA (row A, column 2). (X = no sample blotted.) 


Fig 3.—Aqueous and vitreous specimens were obtained from eyes received by the eye 
pathology laboratory shortly after the death of four patients with acquired immunodeficiency 
syndrome (AIDS), and amplification and detection of cytomegalovirus (CMV) DNA were per- 
formed as previously described. By clinical history and histologic examination, beth eyes from 
one patient with AIDS were affected by CMV retinitis. The polymerase chain reaction (PCR) 
amplified CMV DNA from the aqueous specimens (row B, columns 8 and 9) and the vitreous 
specimens (row A, columns 8 and 9). Six eyes from the remaining three patients with AIDS 
appeared normal histologically. The PCR did not amplify CMV DNA from any aqueous speci- 
mens from these eyes (row B, columns 2 through 7). The PCR did amplify CMV DNA from one of 
the six vitreous specimens from the histologically normal-appearing eyes from a patient with 
AIDS (row A, column 5). Five of six of these vitreous specimens were negative for PCR- 
amplified CMV DNA (row A, columns 2 through 4, columns 6 and 7). The positive control was a 
CMV culture-positive urine specimen (row A, column 1), and the negative control was placenta 
DNA (row B, column 1). 


1 2 3 4 5 6 i 8 9 





268 Arch Ophthaimol—Vol 109, February 1991 








Seven of the eight normal vitreous 
specimens were negative for CMV 
DNA sequences (row A, columns 4 
through 10). One of the normal vitre- 
ous specimens was weakly positive 
(row A, column 3). This weakly posi- 
tive vitreous specimen was amplified 
for CMV sequences in three separate 
experiments and was weakly positive 
for CMV sequences two of the three 
times. All eight of the normal vitreous 
samples were also tested for EBV and 
HSV-1 DNA sequences by PCR. None 
of these normal specimens was positive 
for HSV-1 or EBV sequences (Table). 

The PCR amplification for CMV se- 
quences was performed on 18 normal 
aqueous specimens. All 18 specimens 
were negative for CMV DNA after 
autoradiography for 3 hours (Fig 1, 
bottom, row A, columns 3 through 11, 
and row B, columns 3 through 11). The 
positive control is in row A, column 1, 
and the negative control is in row A, 
column 2. All normal aqueous speci- 
mens were negative even after a 24- 
hour exposure of the blot. The HSV-1 
DNA sequences were not detected in 
any of the normal aqueous specimens 
(Table). Enough aqueous specimen 

ras available to test 11 of the 18 
normal aqueous specimens for EBV. 
No EBV DNA sequences were ampli- 
fied from any of these 11 normal aque- 
ous specimens (Table). Serum was 
available from five of the eight norma! 
vitreous donors and 15 of the 18 aque- 
ous donors. All of these serum samples 
contained antibodies against CMV, 
HSV-1, and EBV. 

In summary, CMV, EBV, and HSV- 
1 DNA sequences were not detected in 
aqueous specimens from normal do- 
nors despite serologic evidence of pre- 
vious exposure to these herpesviruses. 
The CMV DNA was weakly amplified 
in one of eight normal vitreous speci- 
mens. The results of these studies 
provided a baseline for the frequency 
of detecting CMV, HSV, and EBV 
DNA sequences in normal vitreous and 
aqueous specimens using the PCR. 


Detection of CMV DNA Sequences by 
PCR in Patients With CMV Retinitis 


To compare the clinical diagnosis of 
CMV retinitis with the amplification 
technique of PCR, ocular specimens 
from patients with clinically diagnosed 
CMV retinitis were tested for CMV 
genomic sequences by PCR. Nine vit- 
reous specimens were collected from 
patients with AIDS with retinal de- 
tachments that occurred during treat- 
ment of their retinitis with ganciclovir. 
The CMV DNA sequences were ampli- 
fied in all nine vitreous specimens (Fig 
2, row A, columns 3 through 11). Sub- 
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Fig 4.—A, This diagram depicts the polymerase chain reaction (PCR) technique that amplifies 
specific DNA sequences. This technique is temperature dependent. (See text for complete 
description.) Solid bar indicates nonspecific DNA; the hatched area within the solid bar, the area 
to be amplified; and the hatched area with an arrow, the primer. B, Linear representation of the 
cytomegalovirus (CMV) genome. The approximate locations of the gp64 DNA sequence and 
the internal 139 base pair DNA fragment, which is amplified by the CMV primers used during the 


PCR, are indicated. 


retinal fluid specimens from five eves 
with CMV retinitis were also positive 
for amplified CMV DNA sequences 
(Fig 2, row B, columns 3 through 7). 
Aqueous was obtained from three eyes 
with CMV retinitis, and all three aque- 
ous samples were positive by PCR for 
CMV (Fig 2, row C, columns 3 through 
5). The nine vitreous, five SRF, and 
three aqueous specimens from these 
patients were also tested for HSV-1 
cand EBV DNA sequences and all were 
negative for amplified DNA (Table). 
Despite treatment with ganciclovir, all 
_of the ocular specimens from patients 


with CMV retinitis were positive for 


_ CMV DNA sequences by PCR, consis- 
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tent with the clinically observed viru- 
static effect of ganciclovir.*~ 


Amplification of CMV, EBV, and HSV-1 
DNA Sequences in Aqueous and 
Vitreous Specimens From Eyes Obtained 
at Autopsy From Patients With AIDS 


We employed the PCR to test both 
aqueous and vitreous specimens for 
CMV, EBV, and HSV-1 DNA se- 
quences from eyes received by our eye 
pathology laboratory from autopsies 
performed on patients with AIDS. 
Histologic examination of two eyes ob- 
tained from one patient with AIDS 
with a clinical history of bilateral CMV 
retinitis showed cytomegalic inclusions 





within retinal cells that were typical of 
CMV-infected cells. As shown on the 
dot blot in Fig 8, PCR on the aqueous 
(row B, columns 8 and 9) and the 
vitreous (row A, columns 8 and 9) from 
both eyes amplified CMV genomic se- 
quences. Six aqueous specimens from 
both eyes of three patients with AIDS 
with no known ocular disease that 
were normal by light microscopy were 
all negative for CMV DNA sequences 
(row B, columns 2 through 7). The 
CMV DNA sequences were not ampli- 
fied in five of six vitreous specimens 
from these histologically normal-ap- 
pearing eyes from patients with AIDS 
(row A, columns 2 through 4 and col- 
umns 6 and 7). Cytomegalovirus DNA 
was amplified from one of six of the 
vitreous specimens from normal-ap- 
pearing eyes obtained from patients 
with AIDS (row A, column 5). The 
aqueous and vitreous specimens from 
all eight eyes from patients with AIDS 
obtained at autopsy were also tested 
by PCR for EBV and HSV-1 genomie 
sequences, All eight vitreous and all 
eight aqueous specimens were PCR 
negative for HSV-1 and EBV genomic 
sequences (Table), 


COMMENT 


The PCR is a recent and significant 
technological advancement. in molecu- 
lar biology. Until the introduction of 
PCR, most of the available methods 
for the detection of specific DNA se- 
quences in tissue specimens, such as 
Southern blot techniques or in situ 
hybridization, were labor intensive, 
relatively insensitive, and dependent 
on a relatively large quantity of puri- 
fied tissue DNA. The development of 
PCR has overcome these obstacles by 
its ability to amplify specific genomic 
sequences more than a millionfold in a 
few hours using crude preparations of 
DNA." The capacity to amplify specifi- 
cally selected DNA sequences from 
minute amounts of DNA is the salient 
feature of PCR. 

The PCR technique is described in 
Fig 4, A. The important components of 
the reaction are as follows: (1) the 
target DNA; (2) two short, single- 
stranded “primers” (these are synthet- 
ically synthesized DNAs that flank the 
desired target DNA to be amplified: 
one primers sequence is complemen- 
tary to the DNA sense strand and the 
other primer is complementary to the 
antisense strand); (3) a mixture of the 
four deoxyribenucleotide. triphos- 
phates that make up typical DNA 
(adenosine, thymidine, cytosine, and 
guanidine); and (4). Tag polymerase, an 
enzyme that polymerizes DNA at high 
temperatures by adding nucleotide 
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Fig 5.—Aqueous and subretinal fluid (SRF) 
specimens from the patient with acquired im- 
munodeficiency syndrome who originally was 
diagnosed as having bilateral acute retinal 
necrosis, and later had positive cytomegalo- 
virus (CMV) culture from a subretinal fluid 
specimen were amplified by polymerase 
chain reaction (PCR) for CMV DNA. The am- 
plified product was electrophoresed on a 
1.4% agarose gel, transferred to a nylon filter, 
and hybridized with a CMV specific probe. 
After 3 hours of exposure a 139 base pair 
-fragment was detected. Molecular weight 
markers are indicated on the left. The positive 
control, a culture-positive urine specimen, is 
inlane 1. The negative control, placenta DNA, 
: is located in lane 2. The PCR-positive aque- 
ous specimen is located in lane 3, and the 
positive SRF specimen is located in lane 4. 


residues to the 3’-hydroxyl terminus 
on the primer thereby generating a 
complementary strand of DNA. The 
entire amplification procedure is car- 
ried out in a single test tube and is 
described in terms of “cycles” in which 
each cycle consists of three “steps” 
that are temperature dependent. The 
timing and temperature of each step 
are generally controlled using an auto- 
mated heating block. The first step in 
the cycle involves the denaturation, or 
separation, of the double-stranded 
DNA into single strands that occurs at 
a relatively high temperature. During 
the second step, the temperature is 
reduced and the primers, which have 
been designed and synthesized based 
on the previously determined genomic 
sequence of the target DNA, anneal to 
the complementary genomic sequences 
in the reaction mixture. Finally, the 
third step in the amplification process 
involves the synthesis of a new DNA 
strand of the desired sequences by the 
Taq polymerase. Each primer will pro- 
vide one new strand of DNA. There- 
fore, if one copy of the targeted se- 
quence is present in the DNA sample, 
after one cycle of amplification, there 
will now be two copies of that genomic 
sequence. After two rounds of replica- 
tion, there will be four copies of the 








DNA. This amplification will occur 
geometrically such that after 25 cycles, 
there will be, theoretically, more than 
1 million copies of the targeted DNA 
sequence. After PCR, a portion of the 
amplified products can be dot blotted 
or electrophoresed in an agarose gel. 
The amplified sequence can be visual- 
ized by staining the gel with ethidium 
bromide. The DNA is then transferred 
to a nylon filter and hybridized with a 
radioactive labeled probe specific for 
DNA sequences within the amplified 
fragment. The amplified DNA is de- 
tected by autoradiography. 

The objective of the studies present- 
ed herein was to determine if PCR 
would be an appropriate technique to 
detect CMV DNA in specimens of vit- 
reous, aqueous, and SRF specimens 
from patients with clinically diagnosed 
CMV retinitis. The specific CMV geno- 
mic region that was selected for ampli- 
fication by PCR is shown in Fig 4, B. 
These sequences are located within the 
human CMV gene coding for the major 
late antigen gp64.” This CMV antigen 
is translated in abundance in the late 
stages of CMV infection, and antibod- 
ies to this antigen are important in 
serologic tests for CMV. Amplification 
of the selected gp64 CMV DNA se- 
quences generates a 139 base pair frag- 
ment. The specific genomic regions 
selected for amplification by PCR for 
EBV and HSV-1 have been previously 
described.” 

The following clinical case clearly 
illustrates the need for a rapid and 
sensitive technique such as PCR that 
might accurately diagnose viral retini- 
tis. A 35-year-old patient with AIDS 
with a history of cutaneous herpes 
zoster presented with a 3-week history 
of bilateral floaters and with a visual 
acuity of 20/400 OD and 20/86 OS. Both 
eyes had 3+ cells in both the anterior 
chamber and vitreous. Bilaterally the 
retina showed granular opacification 
involving the periphery and extending 
toward the posterior arcades associat- 
ed with scant intraretinal hemor- 
rhages. A preliminary diagnosis of bi- 
lateral acute retinal necrosis was 
made, and he was treated with intra- 
venous and oral acyclovir sodium. 
Three weeks later, a subtotal retinal 
detachment developed in his left eye 
and he underwent a scleral backle pro- 
cedure. At the time of surgery, the 
SRF was sent for viral culture. With 
oral acyclovir therapy, his retinitis 
continued to smolder, advancing with 
an opacified border. Three weeks after 
retinal detachment surgery. the cul- 
ture of the SRF was reported positive 
for CMV. His therapy was switched to 
intravenous ganciclovir and his retini- 
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tis resolved and has remained quies- 
cent. An anterior chamber tap was also 
performed on the right eye. Aliquots of 
both the SRF and the aqueous speci- 
mens from this patient were amplified 
by PCR using CMV-specific primers in 
the amplification reaction. The CMV 
genomic sequences were detected in 
both the aqueous and the SRF (Fig 5). 
The entire PCR procedure took less 
than 24 hours. It was obvious that a 
more rapid diagnosis than that provid- 
ed by viral culture of the CMV infec- 
tion would have been helpful in allow- 
ing early treatment of this patient with 
a specific antiviral chemotherapeutic 
agent. ”” 

In this study, we used the PCR to 
determine whether CMV, EBV, or 
HSV-1 DNA sequences could be ampli- 
fied in aqueous or vitreous specimens 
from both normal donors and from 
patients with clinically diagnosed CMV 
retinitis. We were unable to detect 
CMV, HSV-1, or EBV genomic se- 
quences in any of the normal aqueous 
specimens. However, a weakly posi- 
tive CMV signal was detected in one of 
eight normal vitreous specimens by 
PCR analysis. Three separate PCR 
assays were conducted on all apparent- 
ly normal vitreous samples, and the 
same normal vitreous was weakly posi- 
tive for amplified CMV DNA in two of 
the three tests. Because all patients 
had no history of ocular viral infection 
and no signs of current infection, it is 
unclear why PCR would amplify CMV 
DNA sequences on this putatively nor- 
mal vitreous specimen. It is possible 
that this donor was in the initial stages 
of a CMV infection that a clinical ex- 
amination did not detect. Alternative- 
ly, CMV-containing circulating white 
blood cells trafficking through the nor- 
mal vitreous may have been the source 
of the CMV DNA amplified by PCR on 
this vitreous specimen. It is also possi- 
ble that the vitreous is a site of CMV 
latency in a small percentage of normal 
individuals. It may not be ruled out 
that this sample was contaminated 
during a laboratory procedure while 
these experiments were being con- 
ducted. It is impossible to determine 
which of these explanations for the 
amplification of CMV DNA from a 
purportedly normal vitreous specimen 
is correct. A greater number of normal 
vitreous samples will have to be ana- 
lyzed by PCR to determine the fre- 
quency at which’ CMV DNA sequences 
can be detected in putatively normal 
samples. 

Because the immunocompromised 
patient is at risk for viral retinitis, we 
screened vitreous and aqueous sam- 
ples from eight eyes at autopsies on 
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four patients with AIDS. One of the 
four patients with AIDS had a history 
of bilateral ocular CMV infection, and 
histologic examination of this patients 
eyes confirmed evidence of bilateral 
CMV retinitis. Samples of aqueous and 
vitreous from both of this donor's eyes 
were positive for CMV DNA and nega- 
tive for HSV-1 and EBV by PCR. 
Thus, the PCR results for these eyes 
from a patient with AIDS with CMV 
retinitis corroborated earlier clinical 
and pathologic findings. The remaining 
six aqueous samples from the eyes of 
patients with AIDS without clinical or 
microscopic evidence of ocular disease 
were negative for CMV, EBV, and 
HSV-1 DNA sequences. Five of six 
vitreous specimens from the normal- 
appearing eyes from patients with 
AIDS were negative for CMV DNA 
and all six were negative for EBV and 
<- HSV-L We conclude from these stud- 
“des that the frequency of detecting 
herpesvirus DNA by PCR in the aque- 
ous and vitreous of patients with AIDS 
“with no apparent ocular disease ap- 
pears to be as low as that observed in 
the normal nonimmunocompromised 
patient. Further studies on additional 
ocular samples from patients with 
AIDS without evidence of ocular dis- 
ease will be needed to confirm or re- 
fute the validity of this conclusion. 

Because retinitis due to herpes- 
viruses other than CMV has been re- 
ported in human immunodeficiency 
virus-infected patients, it is important 
to determine the causal agent in pa- 
tients with clinical features atypical for 
CMV and/or in patients with a poor 
clinical response to initial antiviral 
therapy. The PCR seems to have ad- 
vantages over tissue culture, which 
may take days to weeks to yield a 
positive result, particularly when only 
minute quantities of ocular specimens 
are available. It has also been our 
experience that aqueous specimens 
from eyes with viral retinitis rarely 
yield positive cultures. In this regard, 
PCR has potential for use in diagnosis 
on material from an anterior chamber 
tap, a procedure that is less invasive 
and less hazardous than a diagnostic 
vitreous tap or vitrectomy. The PCR 
on an anterior chamber tap may also 
offer a similar diagnostic advantage 
instead of performance of a diagnostic 
retinal or choroidal biopsy. 

In the study presented herein, speci- 
mens from patients with clinically inac- 
tive-appearing CMV retinitis treated 
with ganciclovir were positive for 
PCR-amplified CMV DNA sequences. 
However, a disadvantage of the PCR 
technique is that it does not differenti- 
ate ‘between active, replicating viral 
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infection and latent virus that may 
remain inactive in ocular tissues. In 
the future, PCR performed with prim- 
ers that are specific for messenger 
RNA sequences for structural proteins 
involved in active viral replication or 
for latency-associated proteins would 
allow differentiation between active 
and latent viral infections by PCR. 

As demonstrated in this and previ- 
ous studies, a significant feature of the 
PCR is its sensitivity, especially when 
using a minute amount of specimen. It 
must be stressed, however, that this 
sensitivity can be a drawback as well 
as an advantage of PCR. The PCR 
technique demands compulsive atten- 
tion to details regarding the collection 
of specimens, handling and setting up 
of samples during PCR, and analysis of 
PCR results. All PCR experiments 
must be conducted in a laboratory in 
which possible sources of contamina- 
tion are eliminated. When conducting 
PCR it is critically important that the 
negative controls are absolutely nega- 
tive after blot hybridization. To vali- 
date a negative reading, it may be 
necessary to amplify an internal cellu- 
lar genomic sequence, such as B-globu- 
lin or an HLA gene sequence, to dem- 
onstrate that the sample does not 
contain any PCR-inhibitory sub- 
stances. Several repetitions of the 
PCR assay should also be conducted on 
all samples. These conditions must be 
met in order for PCR to be used as a 
reliable diagnostic procedure in the 
clinical setting. The study presented 
herein suggests the potential of PCR 
as a useful diagnostic tool for the de- 
tection of herpesvirus DNA in aque- 
ous, vitreous, and SRF specimens of 
patients with retinitis. 
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Intraocular Tissue Plasminogen Activator 
in a Rabbit Model of Traumatic Hyphema 
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è Tissue plasminogen activator was 
used to evaluate the clearance of trau- 
matic hyphema in a rabbit model. A neo- 
dymium-YAG laser was used to disrupt 
iris vessels, creating a traumatic hy- 
phema. Tissue plasminogen activator 
(1800 1U/0.1 mL) was injected into the 
anterior chamber 24 hours after creation 
of the hyphema. Two control groups (one 
receiving balanced salt solution and one 
receiving no treatment) were used for 
comparison. A multivariate analysis of 
covariance indicated that the greatest 
difference in hyphema clearance be- 
tween the groups occurred at days 3, 4, 
and 5. Five days after tissue plasmino- 
gen activator treatment, the mean size of 


ecent studies have shown that hy- 

phemas consist of erythrocytes en- 
meshed within a fibrin matrix.’ Inves- 
tigators have evaluated various 
fibrinolytic agents, including uroki- 
nase,” streptokinase,” fibrinolysin,” 
and tissue plasminogen activator 
(tPA) to improve clearance of hy- 
phema from the anterior chamber. 

However, these experiments have 
demonstrated that all of these sub- 
stances, with the exception of tPA, 
have been associated with corneal tox- 
~-ielty and a marked intraocular inflam- 


matory response. Tissue plasminogen 
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the clot remaining in the anterior cham- 
ber was 27% of that of the original hy- 
phema. In control eyes, almost 60% of 
the original clot remained at day 5. Treat- 
ment of animals with tissue plasminogen 
activator doses of 5000 IU and 10000 IU 
produced a substantial increase in re- 
peated bleeding episodes in our rabbit 
model. We concluded that although the 
use of tissue plasminogen activator in 
our rabbit model of traumatic hyphema 
significantly improved clearance of 
blood from the anterior chamber, the 
remaining clot was of such size that the 
clinical benefit was questionable. 
(Arch Ophthalmol. 1991 ;109:272-274) 


activator is a highly purified biosyn- 
thetic recombinant form of the human 
enzyme, which, unlike streptokinase 
and urokinase, is a more fibrin-selec- 
tive plasminogen activator. Intraoeu- 
lar tPA has not exhibited any signifi- 
cant ocular toxicity at doses below 25 
pg. It has recently been shown that 
intravitreal doses of 50 pg cr more of 
tPA in rabbits have been associated 
with retinal toxicity.” It has been sug- 
gested that the toxic effect may be 
from one of the vehicles components 
rather than from the tPA itself.” 
Lambrou et al’ examined the rate of 
clearance of experimental hyphemas 
using tPA. They injected autologous 
blood (from the ear) into the anterior 
chamber of 42 rabbits. They reported 
that 1800 IU of intracameral tPA 
cleared 80% of tPA-treated eyes with- 
in 24 hours, whereas injections of 
physiologic saline did not clear the 
control eyes for 14 days. These dra- 
matic results suggest that tPA plays 
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an important role in the management 
of hyphemas. One important consider- 
ation noted by the authors was that 
their experimental model did not ad- 
dress the issue of repeated bleeding. 
In their model, a hyphema was created 
by the injection of autologous blood 
into the anterior chamber. No disrup- 
tion of the ocular vasculature oecurred. 
The purpose of our study was to evalu- 
ate intracameral tPA in a model of 
traumatic hyphema that more closely 
resembled traumatic or surgical hy- 
phema in humans. We examined the 
clearance of blood from the anterior 
chamber and the risk of secondary 
hemorrhage. 


MATERIALS AND METHODS 


Approval for this experiment was ob- 
tained from the animal care committee of 
the College of Medicine, University of Mi- 
nois at Chicago. Dutch-belted rabbits 
(weighing 2 to 3 kg) were anesthetized 
using ketamine hydrochloride 5 mg/kg) 
and xylazine hydrochloride (5 mg/kg). Topi- 
eal 0.5% proparacaine hydrochloride was 
instilled into the right eye. 

The animals were then placed on a modi- 
fied pediatric platform at a neodymium 
(Nd)-YAG laser (Line Lite Laser 607C, 
Mountain View, Calif). A 5- to 6-mJ burst 
was directed repeatedly at one to four 
locations on the superficial iris vessels at 
the 3 o'clock and 9 o’clock positions 1 to 2 
mm from the limbus of the right eve. With 
the use of this technique, a moderate hy- 
phema (8 to 4 mm) could be induced in 
almost all animals. The level of the hy- 
phema was measured daily by one author 
(G.R.H.) using a surgical steel ruler cali- 
brated in millimeters. A repeated bleeding 
episode was determined to have occurred if 
the level of hyphema increased by 2 mm or 
more in 24 hours. 

All animals were then randomly assigned 
to one of three groups. Animals in group 1 
(n=10) were observed without further in- 
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No. of No. (%) of Repeated 
Treatment Rabbit Eyes Bleeding Episodes P 
4800 IU of tPA 16 0 NS 
5000 IU of tPA 5 4 (20) NS 
10000 IU of tPA 6 5 (83.30) <.0002 














All controls 


tervention (controls). The 42 rabbits in 
groups 2 and 3 were again anesthetized 
using the technique mentioned above. They 
k all received two drops of 0.5% proparacaine 
i in the right eye and underwent paracentesis 
of 0.1 mL of aqueous humor using a 30- 
galige needle on a tuberculin syringe. They 
then received either 0.1 mL of sterile bal- 
anced salt solution (group 2, n= 15) or tPA 
Group 3, n= 27) ina masked fashion. Tissue 
plasminogen activator was obtained from 
<: Genentech (San Francisco, Calif) in a 50-mg 
~ Nlal (29 million U) Both of these groups 
were also masked to the hyphema grader. 
= The tPA group received 0.1 mL of tPA in 
“the following concentrations: 1800 IU 
(n= 16), 5000 IU ™=5), or 10000 IU 
(n=6). The tPA was diluted in balanced salt 
solution just before use and injected into 
the anterior chamber through the paracen- 
tesis tract via a 30-gauge needle. All ani- 
mals were observed daily, and the hyphema 
was measured by one masked individual 
(G.R.H.). 


RESULTS 


There were no repeated bleeding 
episodes in the 16 rabbit eyes treated 
with 1800 IU of tPA, one episode 
(20%) in the five eyes treated with 
5000 IU of tPA, and five episodes 
(83.3%) in the six eyes treated with 
10 000 IU of tPA. One (6.7%) of the 15 
control eyes that received balanced 
salt solution developed a bleeding epi- 
sode, and none of the 10 control eyes 
that received no treatment had bleed- 
ing episodes (Table). 

.The remaining analysis refers only 
to the 16 rabbits that received 1800 IU 
of tPA and to the two control groups. 
The mean size of the initial hyphemas 
was 3.8 mm (range, 2.5 to 6.0 mm) in 
the 16 tPA-treated rabbits; 3.5 mm 
(range, 1.5 to 6.0 mm) in the 15 con- 
trols receiving balanced salt solution; 
and 3.1 mm (range, 0.2 to 5.0 mm) in 
the 10 rabbits not receiving treatment. 

Because there was no difference be- 
tween the two control groups for the 
length of time (in das) necessary to 
clear the hyphemas (¢= 0.107, P=.92) 
and because the number of rabbits in 

_ each group was small, we combined 
-the data for both groups. Results of 
‘tests of the mean initial hyphema size 
were not significantly different 
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*The numbers of bleeding episodes at each dose of tPA were compared with the numbers for the combined 
control groups using Fisher's Exact Test. NS indicates not significant. 


between the treated group and the 
combined control group (=-1.182, 
P= 244). 

There was no correlation between 
the size of the initial hyphema and the 
day of clearance in the treated group 
(r=.004, P=.99), but there was a sta- 
tistically significant association in the 
control group (r=.484, P=.014). This 
difference reflected the homogeneity 
of size in the tPA group and the large 
number of small hyphemas in the con- 
trol group; only 6.2% of the initial 
hyphemas in the treated groups were 
smaller than 3 mm, compared with 
40% in the control group. 

When the day of clearance of the 
hyphemas in the tPA and control 
groups was compared, without control- 
ling for the initial size of the hyphema, 
there was no difference (t=0.944, 
P=.35) between the two groups. To 
adjust for the initial size of the hy- 
phema, we considered only hyphemas 
that measured 3.5 mm or more. Ten of 
the 16 tPA-treated rabbits and 14 of 
the 25 control rabbits met this criteri- 
on. The respective mean (+SE) sizes 
of their hyphemas were 4.35+0.829 
mm and 4.57+0.851 mm. When the 
mean day of clearance was compared 
between these two groups, a statisti- 
cally significant difference was found 
(t=-2.048, P =.05). 

There was also a statistically signifi- 
cant difference between the treated 
and control groups in the mean clear- 
ance rate of hyphema, using an initial 
size of 3.5 mm or more for comparabil- 
ity. The curves (Figure) were com- 
pared using the Kolmogorov-Smirnov 
Test (P=.04). A multivariate analysis 
of covariance, using the entire study 
population, indicated that the greatest 
differences between the groups oc- 
curred at days 3, 4, and 5. 


COMMENT 


Previous investigators have re- 
viewed the use of various fibrinolytic 
agents in cases of traumatic hyphe- 
ma.™ Adverse reactions from fibrino- 
lytic agents, including corneal toxic 
effects, significant intraocular inflam- 
mation, or hemorrhage, have pre- 


Mean Size of Hyphema, mm 
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No. of Days After Hyphema 


Clearance of hyphemas 3.5 mm or larger in 
rabbits treated with 1800 IU of tissue plasmin- 
ogen activator (circles) and in controls 
(squares). Values shown are the mean + SE 
sizes of the hyphemas at days 1 through 18. 


cluded the therapeutic use of such 
agents.“**"" Tissue plasminogen acti- 
vator has been thought to be a more 
promising medication because it is 
highly purified, less antigenic, and 
more fibrin specific than other 
agents." 

Lambrou et al’ evaluated the use of 
tPA in a rabbit model of hyphema. 
They found that 1800 IU of tPA re- 
duced the hyphema level by 80% with- 
in 24 hours of treatment. The authors 
expressed concern, however, that 
their model did not address the issue of 
repeated bleeding. Also, the rabbits 
were injected with autologous blood 
that had been mixed with sodium ci- 
trate, an anticoagulant. It is not well 
known whether sodium citrate may 
have had a pharmacologic interaction 
with the tPA or an unknown physiolog- 
ic effect on the formation and/or clear- 
ance of the hyphema itself. 

To evaluate the impact of tPA on a 
traumatic hyphema model that more 
closely resembles human trauma and 
to determine the incidence of repeated 
bleeding, we developed a hyphema us- 
ing the Nd-YAG laser to disrupt the 
ocular vascular integrity. We found 
that our model produced a measurable 
hyphema in more than 98% of rabbit 
eyes, In addition, the mean initial hy- 
phema size was not significantly differ- 
ent between groups. A significant dif- 
ference between treatment and control 
groups was found in the time to clear 
hyphemas that were 3.5 mm or larger. 
However, hyphema reduction of 50% 
in either group was not evident until 
after day 5 in eyes in which 1800 IU of 
tPA was instilled. These results differ 
from those reported by Lambrou et al,’ 
who noted an 80% reduction in the 
hyphema level 24 hours after tPA 
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injection. 

Read and Goldberg” reported that 
the highest incidence of repeated 
bleeding in cases of traumatie hyphe- 
mas occurs in humans between post- 
treatment days 3 and 5. Our results 
showed a substantial hyphema still re- 
maining in the majority of treated ani- 
mals by day 5. We studied the possibil- 
ity of increasing hyphema clearance by 
using higher doses of tPA. Although 
we found no evidence of repeated 


>. bleeding episodes at doses of 1800 IU, 


bleeding episodes were detected in 
20% and 80% of rabbit eyes treated 
with 5000 IU and 10000 IU of tPA, 
respectively. 

A recent review by Williams et al” 
examined repeated bleeding in an ex- 
perimental animal model of surgically 
induced traumatic hyphema. Animals 
were injected with 25 pe (14 500 IU) of 
intracameral tPA at 10 minutes and at 
24, 48, and 72 hours after injury. Ani- 
mals with untreated hyphemas and 
controls treated with physiologic saline 
experienced no repeated bleeding epi- 
sodes. The incidence of repeated bleed- 
ing in eyes treated with tPA was 88% 
(seven of eight eyes), 75% (six of eight 
eyes), 50% (four of eight eyes), and 0% 
(none of eight eyes) at 10 minutes and 
24, 48, and 72 hours, respectively. The 
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authors concluded that treatment with 
tPA may be responsible for the in- 
creased incidence of repeated bleeding 
because the damaged vascular endo- 
thelium had not healed fully. 

Our results indicate that tPA im- 
proves the clearance of bloed from the 
anterior chamber, but its use may be 
of questionable value since hyphema 
reduction of more than 50% is not 
evident until after day 5. Therefore, 
although the clearance of the hyphema 
is increased, it has not been demon- 
strated that this offers any clinical 
advantage, especially considering that 
a large amount of blood may still re- 
main in the anterior chamber at day 5. 

A further concern is the risk of 
repeated bleeding if the ocular vascula- 
ture has been disrupted. The resulting 
secondary hemorrhage has been shown 
to be related to both time and dose. 
Doses such as 25 pg of tPA (or 14500 
IU) have been associated with repeat- 
ed bleeding incidents up to 48 hours 
after the hyphema develops.” We 
found in our model that doses of 5000 
and 10000 IU produced an increased 
incidence of bleeding (20% and 80%, 
respectively). The incidence of repeat- 
ed bleeding was significantly greater 
at the 10 000-IU dose than in the con- 
trols (P=.002; Fisher’s Exact Test). 


References 


1987;105:1277-1280. 

6. Johnson RN, Olsen KR, Hernandez E. Tissue 
plasminogen activator treatment of postoperative 
intraocular fibrin. Ophthalmology 1988;95:592- 
596. 

7. Lambrou FH, Snyder RW, Williams GA. Use 
of tissue plasminogen activator in experimental hy- 
phema. Arch Ophthalmol. 1987;105:995-997. 

8. Johnson MW, Olsen KR, Hernandez E, Irvine 
WD, Johnson RN. Retinal toxicity of recombinant 
tissue plasminogen activator in the rabbit. Arch 
Ophthalmol. 1990;108:259-263. 

9. Chapman-Smith JS, Crock GW. Urokinase in 
the management of vitreous haemerrhage. Br J 


CORRECTION 





Lower doses of 1800 IU (or 3.1 pg), 
although not associated with an in- 
crease in secondary hemorrhage, had 
minimal effect. on hyphema clearance 
during the critical healing period of 
days 3 through 5. 

The results of our study do not indi- 
cate that hyphemas of 4 mm or smaller 
benefit from an intracameral injection 
of tPA. Furthermore, in our model, a 
substantial hyphema remained at day 5 
after treatment with 1800 IU of tPA. 
Further work with larger (total) hy- 
phemas needs to be done to determine 
if intraocular tPA would have a treat- 
ment effect. Treatment with higher 
doses of tPA produced a significant 
increase in repeated bleeding in our 
rabbit model and is therefore not 
recommended. 
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Computer Error in Figure Legend.—In the article entitled “Laser Sclerostomy by Pulsed- 
Dye Laser and Goniolens,” published in the December 1990 issue of the ARCHIVES 


(1990;108:1745-1750), a computer error caused a string of letters to be inadvertently con- 
verted to Greek letters in the legend of Fig 7. The third and fourth sentences of the leg- 
end should read, “Internal ostium (I0) measured 550 um, and external ostium (E), 175 um. 
The zone of thermal damage ranged from 50 to 200 um (arrows).” : 
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Systemic Mannitol Increases Retinal 





` @ Pigmented rabbits were given man- 
-nitol intravenously, and at various times 
‘thereafter blood osmolality was mea- 
-sured and eyes were enucleated to mea- 
_ sure retinal adhesiveness to the retinal 
< pigment epithelium. Both blood osmolal- 

ity and retinal adhesion increased in pro- 
¿portion to the dose of mannitol. We 
-found a measurable increase in retinal 
adhesion as early as 10 minutes and as 
-> cTate as 4 hours after mannitol injection. 
< -We suspect that mannitol dehydrates the 





a subretinal Space and thereby enhances 
-the adhesive properties of the inter- 


photoreceptor matrix or tightens the 


Interdigitation between photoreceptors 
and pigment epithelial cells. Our data 


-suggest that mannitol could have clinical 


application in the management of retinal 
detachments. 
(Arch Ophthalmol. 1991 ;109:275-277) 


BP hegmatogenous retinal detach- 
ments can be successfully repaired 


o surgically, but little is known about 
-< = whether the fundamental adhesiveness 


of the retina to the retinal pigment 


~ epithelium (RPE) is abnormal in eyes 
predisposed to detachment or whether 


adhesiveness can be modified by non- 
surgical means. Our laboratory has 
been investigating the mechanisms of 
normal retinal adhesion for some time, 
and evidence gathered to date indi- 
cates that adhesion involves a com- 
bination of metabolfe and physical 
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Adhesiveness Measured In Vitro 


5 Xiao Ying Yao, MD; Kevin T. Moore; Michael F. Marmor, MD 


factors." We found that an intra- 
vitreal injection of hyperosmotic solu- 
tion caused prompt separation of the 
retina,” presumably as a result of wa- 
ter being drawn from the choroid 
against the flow resistance of the reti- 
na. Conversely, systemie hyperosmol- 
ality increased the rate of water ab- 
sorption from the subretinal space into 
the choroid,’ an effect that might be 
expected to pull the retina more firmly 
against the RPE. In the present study, 
we increased blood osmolality, but 
measured retinal adhesiveness in vitro 
to see whether systemic hyperosmol- 
ality causes any adhesive effects inde- 
pendent of retinal flow resistance, and 
to judge better whether hyperosmotic 
agents might have application in the 
management of clinical detachments. 


MATERIALS AND METHODS 


These experiments conform to the Associa- 
tion for Research in Vision and Ophthalmolo- 
gy Resolution on the Use of Animals in 
Research and the National Institutes of 
Health Guide for the Care and Use of Lab- 
oratory Animals. All studies were per- 
formed on pigmented Dutch rabbits anesthe- 
tized with xylazine hydrochloride (10 mg/kg), 
acepromazine maleate (1 mg/kg), and keta- 
mine hydrochloride (100 mg/kg). Solutions 
used were 25% mannitol, Hanks’ solution 
(Gibco), and RPMI (Gibco). 

Retinal adhesiveness was measured by 
two different methods as follows: 

1. Retinal pigment adherence’ is an indi- 
rect method, but allows measurements 
within 1 minute of enucleation to approxi- 
mate in vivo conditions. In brief, the eye is 
rapidly enucleated and divided into several 
strips with a razor blade. The strips of 
eyecup are placed in Hanks’ solution at 
37°C, and the retina is peeled gently and 
steadily from the RPE. Retinal adhesive- 


ness is estimated from the area of the retina 
that retains adherent pigment (100% cover- 
age indicates strong adhesiveness, and 0%, 
little adhesiveness). 


2. Retinal peeling force’ is quantitative - 


and direct, but requires a preparation time 
of approximately 5 minutes. In brief, strips 
of eyecup are attached to a small plate and 
one end of the retina is glued with cyanoac- 
rylate to a wire hung from a force transduc- ©. 
er. This assembly is submerged in 37°C 
RPMI solution, and the force is measured 


while peeling off the retina at a 23° angle at~ 


a slow, steady rate. 

Blood osmolality was measured with a 
vapor pressure osmometer (Wescor. Inc, 
Logan, Utah) using samples withdrawn — 
from an ear artery. Osmolality was mea- 
sured from all samples five times and aver- 
aged. Direct-current electroretinograms 
were recorded between the cornea and a` 
reference on the sclera, using silver-silver 
chloride electrodes, as described previous- 
ly. Light stimulation of 2000 lux was pre- 
sented at the cornea in 1-second flashes. 

For scanning electron microscopy, tissue 
was pinned to thin sheets of wax with insect 
pins and fixed with 1.25% glutaraldehyde 
and 1% paraformaldehyde in 0.072-mmol/L 
cacodylate buffer with a pH of 7.4. The 
samples were dehydrated with ethyl alcoho! 
and critical point-dried before routine coat- 
ing and examination with a scanning elec- 
tron microscope. 


RESULTS 


We first investigated the effects of 
systemic mannitol pretreatment on 
retinal adhesiveness, making our mea- 
surements as soon as possible after 
removal of the eye (Fig 1). The time of 
measurement is important, not only to 
mimic the living state as closely as 
possible, but because previous. experi- 
ments have shown that adhesiveness 
falls rapidly after enucleation.* In eon- 
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Fig 1.—Intravenous injection of mannitol 
(2.5 g/kg) increased retinal pigment adher- 
ence in eyes enucleated 10 minutes later. 
Each point represents an average of at least 
five peels with SEMs shown. Line with dia- 
monds represents mannitol-injected eyes. 
and line with squares, control eyes. 


% Change in Pigment 





0 2 4 6 8 10 12 
Dose of 25% Mannitol, mL/kg 


Fig 2.— Dose-response curve for the manni- 
tol-induced increase in retinal adhesiveness. 
These data are from peels done 4 minutes 
after enucleation; similar curves were ob- 
tained at3 and 5 minutes. The ordinate shows 
the incremental percentage of retina covered 
with adherent pigment in the mannitol-treated 
eye of each animal beyond the percentage in 
the control eye. For example, if the control 
eye showed 10% of the retina covered with 
adherent pigment and the mannitol-treated 
eye showed 50% coverage, then the incre- 
ment would be 40%. Each point represents at 
least three eyes. 


trol eves (enucleated before adminis- 
tering mannitol), pigment adherence 
dropped rapidly from near 100% (high 
adhesion) 1 minute after enucleation to 
roughly 20% (weak adhesion) by 3 min- 
utes after enucleation. We then admin- 
istered mannitol intravenously, waited 
10 minutes, and enucleated the fellow 
eye. The mannitol pretreatment in- 
creased adhesion at every interval af- 
ter enucleation, although it did not 
prevent an eventual postmortem loss 
of adhesion. The mannitol effect on 
retinal adhesion was prominent at a 
dose of 2.5 g/kg, but insignificant with 
0.125 g/kg. The shape of the dose- 
response curve for adhesion (Fig 2) 
was very similar to that for blood 
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Fig 3.—Changes in blood osmolality 10 min- 

utes after different doses of mannitol were 


administered. Each point represents an aver- 
age of five measurements. 
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Fig 4.—Intravenous injection of mannitol 
(2.5 g/kg) increased the peeling force re- 
quired to separate the retina from the retinal 
pigment epithelium. Eyes were enucleated 
10 minutes after mannitol administration. 
Each point represents an average of at least 
five peelings. Line with diamonds repre- 
sents mannitol-injected eyes. and line with 
squares, control eyes. 


osmolality, measured 10 minutes after 
mannitol infusion (Fig 3). Note that 
Fig 2 shows the results from peels 
made 4 minutes after enucleation. At 
this time (Fig 1), pigment adherence 
was only 10% to 20% on control reti- 
nas, whereas up to 90% adherence was 
observed on mannitol-treated retinas 
(depending on dose). 

To eliminate the possibility that the 
mannitol-induced increase in RPE ad- 
herence to the peeled retina might 
represent RPE damage (ie, fragmen- 
tation of RPE cells) rather than a 
change in retinal adhesion, we per- 
formed a set of experiments using a 
different (and more direct) index of 
adhesion, namely, the measurement of 
retinal peeling force. This direct tech- 
nique was not used routinely because it 
is more laborious and requires 4 to 5 
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Fig 5.— Duration of mannitol effects on retinal 
adhesion. Pigment adherence was increased 
for atleast 4 hours after intravenous injection 
of mannitol (2.5 g/kg). 
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Fig 6. — Duration of mannitol (2.5 g/kg) effects 
on blood osmolality. The contro! data repre- 
sent animals injected with normal saline un- 
der the same anesthetic conditions. Line with 
diamonds represents control eyes, and line 
with squares, mannitol-injected eyes. 


minutes to prepare the tissue, by 
which time much adhesion has been 
lost through postmortem changes. Fig- 
ure 4 shows the peeling force for con- 
trol eyes and for fellow eyes enucle- 
ated 10 minutes after the intravenous 
injection of mannitol. Mannitol in- 
creased retinal adhesive force by 
approximately 10 mg throughout the 
period of measurement. Little pig- 
ment adhered to the peeled retina at 
these measurement times, and scan- 
ning electron microscopy showed that 
the plane of separation was at the 
subretinal space with no fragmentation 
of photoreceptors. To exclude RPE 
damage, electroretinograms were also 
recorded before and after intravenous 
injection of mannitol on the same eye. 
There was no significant change in the 
electroretinograms including c-waves, 
which represent the function of the 
RPE. 

To determine how long the effects of 
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mannitol on retinal adhesion would 
persist, eyes were enucleated 1, 2, 3, 
4, and 6 hours after the intravenous 
injection of mannitol at 2.5 g/kg. Fig- 
ure 5 showed that the effect dimin- 
ished steadily with time, but a small 
increase in pigment adherence was still 
measurable 4 hours after the mannitol 
was given. These changes in adhesive- 
ness followed closely the time course of 
blood osmolality changes after manni- 
tol administration (Fig 6). Figure 6 
also shows that a small rise in blood 
osmolality occurred 1 hour after con- 
trol injections of normal saline, but this 
effect dissipated rapidly in contrast to 
the prolonged (more than 4 hours) 
hyperosmolar response produced by 
: mannitol. 


COMMENT 


: Mannitol is an osmotic diuretic that 
: mhibits-sodium and water reabsorp- 
tion in the kidney. Its main ophthalmo- 
~ logie applications have been to reduce 

intraocular pressure in acute glaucoma 
and reduce vitreous volume prior to 
“ocular surgery. Our results show that 
the intravenous injection of mannitol 
causes a concomitant increase in blood 
osmolality and retinal adhesiveness. 
Since mannitol-induced increases in 
blood osmolality are known to facilitate 
ocular fluid movement in a vitreous-to- 
sclera direction, one would expect the 
drug to draw water through the retina 
and thereby increase the firmness of 
retinal apposition in vivo. However, 
this explanation cannot account for ad- 
hesive changes measured in vitro 
where there is no osmotic transretinal 
flow. We suspect the answer lies in 
the probability that the absorption of 
water into the choroid also serves to 
dehydrate the subretinal space (since 
the retinal resistance slows the 
entry of replacement fluid from the 
vitreous). 

Dehydration of the subretinal space 
should increase the viscosity of the 
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interphotoreceptor matrix, and tighten 
the interdigitation between the photo- 
receptors and RPE cells. It may also 
alter the concentration of calcium and 
other ions and modify the physiochemi- 
cal binding properties of the matrix. 
All these factors play important roles 
in maintaining retinal adhesion.” As 
long as the mannitol osmolar effect 
persists in the blood, the subretinal 
space should be kept in a relatively 
dehydrated state. This hypothesis is 
consistent with our observations that 
the degree and duration of increased 
retinal adhesion correlated with the 
degree and duration of increased blood 
osmolality. 

Most of our results were obtained 
with the indirect measure of pigment 
adherence as an indicator of adhesive 
strength. We have shown previously 
that this measure correlates well with 
direct measurements of peeling force 
under a variety of experimental condi- 
tions.” Our present results with the 
pigment adherence technique would be 
misleading if mannitol caused weaken- 
ing and fragmentation of RPE cells 
rather than an increase of retinal adhe- 
siveness. This is unlikely since direct 
measurements of the retinal peeling 
force showed similar results (despite 
an absence of adherent pigment), and 
c-wave recordings gave no evidence of 
RPE damage after mannitol. Our mea- 
surements were made as rapidly as 
possible after enucleation since adhe- 
sive force diminishes rapidly after enu- 
cleation, and we recognize that our 
methods may not measure all of the 
adhesive forces that are present in 
the living eye. In vivo experiments 
will ultimately be needed to confirm 
whether mannitol’s effect has suffi- 
cient magnitude to be clinically useful. 

It is unlikely that our results repre- 
sent nonspecific effects of anesthesia, 
since adhesion changes were not seen 
in control eyes under similar anesthe- 
sia conditions. It is interesting, howev- 
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er, that control injections of saline led 
to a transient (at 1 hour) increase in 
blood osmolality that may in some way 
represent a side effect of prolonged 
anesthesia. This transient hyperosmol- 
ality could contribute to the 1-hour 
results with mannitol, but could not be 
responsible for any of the other data 
points. Figures 5 and 6 show that 
retinal adhesion is still measurably in- 
creased 4 hours after mannitol injec- 
tion when blood osmolality has almost 
returned to normal. These data sug- 
gest that mannitol effects on adhesive- 
ness may persist longer than changes 
in blood osmolality, presumably be- 
cause there is a lag time in the process 
of interphotoreceptor matrix hydration 
or dehydration. 

From a clinical standpoint, man- 
nitol treatment may be able to im- 
prove adhesion in pathologic eyes in 
which the normal adhesive forces have 
been weakened. Theoretically, manni- 
tol could minimize the spread of threat- 
ened or partial retinal detachments 
(serous or rhegmatogenous) or im- 
prove the speed and efficiency of heal- 
ing after repair (through acceleration 
of the absorption of subretinal fluid’ as 
well as through effects on the inter- 
photoreceptor matrix once the retina is 
reapposed). Mannitol also may help to 
clear retinal edema acutely in retino- 
vascular disease. We caution, howev- 
er, that the human eye differs from the 
rabbit eye in many respects; for exam- 
ple, intrinsic retinal vessels are promi- 
nent in man, but largely lacking in the 
rabbit. The effects of mannitol we have 
observed in the rabbit could prove 
insignificant in man, and we do not 
advocate human use until there is evi- 
dence of therapeutic efficacy in vivo 
and in eyes of higher animals. 
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search to Prevent Blindness Ine, New York, NY. 
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Effects of Antiflammins on Endotoxin-Induced 


Uveitis in Rats 


Chi-Chao Chan, MD; Ming Ni, MD; Lucio Miele, MD; Eleonora Cordella-Miele, MD; 
Michael Ferrick; Anil B. Mukherjee, MD, PhD; Robert B. Nussenblatt, MD 


è Antiflammins are phospholipase 
A,-inhibitory, anti-inflammatory, synthet- 
ic oligopeptides derived from the region 
of the highest amino-acid sequence simi- 
larity between uterogiobin and lipocortin 
I. Endotoxin-induced uveitis is a model 
for anterior uveitis of the eye, which has 
been suggested to be induced through 
phospholipase A, activation. in a prelimi- 
nary report we demonstrated that topical 
administration of antiflammins could in- 
hibit endotoxin-induced uveitis in rats. In 
this study, the anti-inflammatory effects 
of antiflammins were compared with 
those of corticosteroids on endotoxin- 
induced uveitis as measured by phos- 
pholipase A, enzyme activity, inflamma- 
tory cell counts in the aqueous humor, 
and histopathologic features. Antiflam- 
mins are as effective as corticosteroids 
in their ability to suppress endotoxin- 
induced uveitis. 

(Arch Ophthalmol. 1991;109:278-281) 


hospholipase A, (PLA,; phosphatide 
-acylhydrolase, E. C. 3. 1.1.4) is 

an esterase that specifically hydrolyzes 
the sn-2 ester bond in glycerophospho- 
lipids, thereby releasing free fatty ac- 
ids.’ When this fatty acid is arachidonic 
acid, this reaction initiates the well- 
known arachidonic acid cascade that, 
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through the cyclooxygenase and lipox- 
ygenase pathway, generates numerous 
inflammatory mediators such as pros- 
taglandins and leukotrienes.’ Phospho- 
lipase A, is involved in a myriad of 
cellular processes, including platelet 
activation’ and several G-protein—-me- 
diated signal-transduction pathways.” 

Endotoxin-induced uveitis (EIU) is 
a model for anterior uveitis in humans, 
although its exact pathophysiologic 
mechanisms are still unclear.” Howev- 
er, recently it has been suggested that 
PLA, activation may be an initiating 
event in the induction of EIU.’ The 
ocular inflammation in rats with EIU 
peaks within 16 to 20 hours after foot- 
pad injection of lipopolysaccharide and 
subsides 48 hours later.™ The major 
infiltrating cells are polymorphonucle- 
ar neutrophils and macrophages in ocu- 
lar anterior segments. Various anti- 
inflammatory medications have shown 
their effectiveness in the inhibition of 
EIU. 

Although corticosteroids are capable 
of treating EIU in rats and anterior 
uveitis in humans, adverse side ef- 
fects are not uncommon in prolonged 
treatment with corticostercids. Thus, 
agents with potent anti-infammatory 
effects and without associated side ef- 
fects need to be investigated. Phospho- 
lipase A,-inhibitory peptides derived 
from the region of highest loeal similar- 
ity between uteroglobin’ and lipocor- 
tin I" have been investigated for 
their activity in vitro and in vivo. 
Because of their anti-inflammatory 
effects, these peptides were named 
“antiflammins.”" The amino acid 
sequences of two of them are as fol- 
lows: antiflammin 1 (AF-1), NH,- 
Met - Gin - Met - Lys - Lys - Val - Leu- 
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Asp-Ser-COOH; and antiflammin 2 
(AF-2), | NH,-His-Asp-Met-Asn-Lys- 
Val-Leu-Asp-Leu-COOH. These pep- 
tides are potent antiinflammatory 
agents without any known side effects 
of corticosteroids and/or nonsteroidal 
anti-inflammatory agents.” 

In a preliminary report we demon- 
strated that topical administration of 
antiflammins can inhibit EIU in rats." 
In the present study, we confirm the 
inhibition of EIU by antiflammins in 
the rats as measured by PLA, enzyme 
activity, inflammatory cell count, and 
protein content in their aqueous hu- 
mor. The results of routine histopatho- 
logie evaluation. suggest that anti- 
flammins are capable of suppressing 
inflammation induced by EIU. We aiso 
compared the antiinflammatory ef- 
fects of antiflammins with those of 
corticosteroids on EIU and found that. 
both AF-1 and AF-2 are as effective-as 
corticosteroids in their ability to sup-: 
press EIU. 

MATERIALS AND METHODS 
induction of EIU 

Female Lewis rats (Charles River, Ra- 
leigh, NC), 8 to 10 weeks old, weighing 
approximately 200 œ were used. The ani- 
mals were housed with 12 hours of light and 
12 hours of darkness each day and fed rat 
food (Purina). One ‘hundred micrograms of 
Salmonella typhimurium endotoxin (Difco, 
Detroit, Mich) diluted in 100 pL of sterile 
pyrogen-free saline (American Quinine,” 


Shirley, NY) was injected inte. one hind 


footpad. Each rat received 10 pL of the 
above solution. =. 


Disease Evaluation 


All animals were killed 20 hours after the 
endotoxin. injection. Immediate aspiration 
of aqueous humor was performed under a 
dissecting microscope. Two microliters was 
placed on a gelatinized slide, air dried, and 
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stained. by Wrights method. Cells were 
counted. and recorded under microscopic 
examination. Four microliters was stored in 
an Eppendorf tube for the measurement of 
protein by the method of Herbort et al.” 
The. remaining aqueous humor was collect- 
ed for PLA, enzyme activity. Aqueous hu- 
mor obtained from eight eyes of four normal 
rats was studied in a similar manner for cell 
count, protein concentration, and PLA, en- 
zyme activity. All data were stored and 
analyzed by computer using Students t 
statistic. 


PLA, Assay in Aqueous Humor 


Phospholipase A, assay was performed 
according to: the method of Pruzanski and 
= Vadas? with minor modifications.” Aque- 
<- ous humor samples were diluted 1:20 with 

E ice-cold buffer. 00-mmol/L Tris, pH 8, 
mol/L calcium chloride) and incubated 
oe : presence of a reaction mixture con- 
-taining 100-mmol/L Tris-hydrochloride, pH 
_— 8, 100-mmol/L sodium chloride, 1.4-mmol/L 
calcium chloride, 1-mmol/L sodium deoxy- 





cholate, and 10-pmol/L carbon 14-phospha- 


tidyleholine (Amersham, Sigma Chemicals, 
St.Louis, Mo) in a total volume of 50 pL. 
Reactions were carried out at 37°C for 1 


-x hour, and stopped by addition of 50 pL of a 


2:1 solution of chloroform and methanol, 
followed by 50 uL of chloroform and 50 pL 
of 4-mol/L of potassium chloride. Radioac- 
tive arachidonic acid was separated from 
unhydrolyzed substrate by thin-layer chro- 
matography on silica plates (silica gel G, 
prechanneled, Analtech). The eluent was 
petroleum ether/diethyl-ether/acetie acid 
(70:30:1). Iodine-stained bands comigrating 
with the arachidonic acid standard were 
seraped and counted in a liquid scintillation 
eounter (Beckman LS-9000). 


Histopathologic Features 


Enucleation was performed in some ani- 
mals. immediately after they were killed. 
Each eye was fixed in 4% glutaraldehyde 
for 30 minutes and transferred to a 10% 
buffered formaldehyde solution overnight 
for histopathologic studies. After adequate 
fixation, the eyes were dissected through 
the vertical plane to obtain the pupillary- 
-optic nerve section. They were embedded in 
-Methacrylate and 3-um-thick sections were 
stained with hematoxylin-eosin. The pres- 
ence of ocular inflammation was determined 
by quantitation of cellular infiltration and 
--amount of exudate in the anterior 


~ chambers. 


Treatment 


Antiflammins 1 and 2 were dissolved in a 
2.5-g/L sterile ophthalmic irrigating solu- 
tion (Dacriose, IOLAB Pharmaceutical, 
Claremont, Calif). All treatments were ad- 
ministered topically at the rate of two drops 
(approximately 75 to 100 pL) every 5 hours 

-starting from the time of footpad injection. 
Animals received either AF-1 or AF-2, 1% 
‘dexamethasone phosphate (Decadron), or 
— Daeriose (control) in the left eye. Right 

-eyes of all animals received Dacriose. 
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Fig 1.— Phospholipase A, (PLA,) enzyme ac- 
tivities in endotoxin-induced uveitis aqueous 
humors obtained from eyes treated with anti- 
flammin 1 (solid bar; n=4), antiflammin 2 
(shaded bar; n=5), dexamethasone (hori- 
zontally hatched bar; n= 4), or Dacriose (di- 
agonally hatched bar; n=6) compared with 
PLA, enzyme activity in normal (open bar; 
n= 10) aqueous humor. The error bars are 
SEs. 


RESULTS 
PLA, Enzyme Activity 


Twenty hours after EIU induction, 
the eyes treated with Dacriose solution 
(both eyes of the control rats and right 
eyes of the experimental rats) devel- 
oped profound inflammation and had 
the highest PLA, enzyme activity in 
their aqueous humor (Fig 1). Phospho- 
lipase A, enzyme activities in aqueous 
humor of the eyes that received AF-1, 
AF-2, or dexamethasone were about 
50% less than eyes with EIU that did 
not receive any treatment (Fig 1). A 
minimal PLA, enzyme activity could 
be detected in normal aqueous humor 
of Lewis rats. 


Inflammatory Cell Count 


In normal, untreated, control rats 
there were no inflammatory cells in the 
anterior chamber. In contrast, aque- 
ous humor obtained from rats with 
EIU treated with Dacriose bilaterally 
showed the highest cell count numbers 
(8000 to 7000 per microliter) without 
significant difference between the two 
eyes (P>.05). However, aqueous hu- 
mor obtained from the left eye of rats 
treated with AF-1, AF-2, or dexa- 
methasone had lower inflammatory 
cell counts (1000 to 5000 per microliter) 
than did aqueous humor of right eyes 
receiving Dacriose. Significant differ- 
ences between the two eyes of the 
same animal (P<.05) were found. The 
response index is the ratio between the 
exact cell count number in the right 
eye (control eye) and that in the left 
eye (treated eye). These response in- 
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Fig 2.— inflammatory cell counts and protein 
contents in aqueous humor obtained from 
eyes treated with antiflammin 1 (solid bars; 
n=7), antiflammin 2 (shaded bars; n= 10), 
dexamethasone (horizontally hatched bars; 
n= 13), or Dacriose (diagonally hatched bars; 
n=8). Response index equals the value in 
the control eye (right eye) divided by the value 
in the experimental eye (left eye) of the same 
animal. The error bars are SEs. 





dexes were greater than 2 in the rats 
administered AF-1, AF-2, or dexa- 
methasone. Antiflammin 2 had the 
highest response index (Fig 2). 


Protein Content 


In normal rats, the aqueous humor 
contains 0 to 8 g/L (mean+SD, 
3.2+ 1.26 g/L) of protein. In contrast, 
the eyes of animals treated with Da- 
criose solution bilaterally had an in- 
creased amount of total protein (25 to 


45 g/L) in their anterior chambers. The = 


protein content in the eyes of animals 
treated with AF-1, AF-2, or dexa- 
methasone were slightly lower, but no 
statistically significant difference was 
noted between the two eyes in the 
same rat. The response indexes were 
less than 2 (Fig 2). 


Histopathologic Features 


In rats with EIU treated bilaterally 
with Dacriose solution, there were 


moderate to large amounts of inflam- 


matory cellular infiltrates consisting 
mainly of polymorphonuclear neutro- 
phils and mononuclear cells in the ante- 
rior and posterior chambers and in the 
vitreous surrounding the ciliary body. 
Proteinaceous material was present in 
the angle of the anterior chamber. In 
contrast, eyes treated with either AF- 
1, AF-2, or dexamethasone developed 
milder ocular inflammation, character- 
ized by much lower numbers of infil- 
trating cells and slightly less protein- 
aceous material (Fig 3). Additionally, 
treatment with AF-2 seemed more ef- 
fective in reducing ocular inflammation 
than the treatment with AF-1. 

Topical antiflammins did not alter 
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Fig 3.— Microscopic examination reveals milder inflammatory cell infiltration in the anterior segments of the eye treated with 
antiflammin (left), compared with the eye receiving Dacriose (right). C indicates cornea: CB, ciliary body; and L, lens; 
hematoxylin-eosin, x 125). 


intraocular pressure after five doses 
administered over 20 hours. 


COMMENT 


The results of this study demon- 
strate the efficacy of topical antiflam- 
mins in the treatment of EIU in rats. 
We found very high PLA, activity in 
aqueous humor of rats with EIU, 
which could be reduced by application 
of antiflammins as well as corticoste- 
roids. Phospholipase A, activation may 
be pathophysiologically related to in- 
flammatory disease such as uveitis and 
rheumatoid arthritis.” Antiflammins 
have potent PLA, inhibitory activity 
in vitro and profound anti-inflamma- 
tory effects in vivo.*"” Antiflammins 
have also been shown to inhibit the 
synthesis of platelet-activating factor, 
a very potent inflammatory agent, as 
well as polymorphonuclear neutrophil 
aggregation, chemotaxis, and intrader- 
mal inflammatory reaction.” Antiflam- 
mins are effective on carrageenan-in- 
duced edema, which involves PLA, 
activation, but not dextran-induced 
edema, which is not PLA, mediated." 
A potent inhibitory activity on platelet 
aggregation has also been reported.” 
The antichemotactic effects of anti- 
flammins may in part be responsible 
for the reduction in numbers of poly- 
morphonuclear neutrophils in EIU. 
Thus, these peptides should be useful 
in the treatment of certain inflamma- 
tory diseases including uveitis. 

Although corticosteroids have been 
used with success to treat many in- 
flammatory diseases, there are notice- 
able side effects, especially after long- 
term application. The ocular side 
effects of topical corticosteroids in- 
clude cataract formation and glauco- 
ma. An ideal therapeutic agent for 


280 Arch Ophthailmoi—Vol 109, February 1991 


chronic uveitis would be a substance 
that has the anti-inflammatory effect 
of a glucocorticoid without its side 
effects. We believe that antiflammins 
can become suitable candidates be- 
cause they reduce ocular inflammation 
measured by inflammatory cell count 
in aqueous humor and histopathologi- 
cally in rats with EIU. The inhibition 
is similar to that effected by corticoste- 
roids. To date, we have not observed 
any adverse side effects of these pep- 
tides either with topical or systemic 
administration. In a previous prelimi- 
nary study (data not shown), intramus- 
cular and/or intravenous administra- 
tion of 200 mg/kg of these peptides in 
rat did not demonstrate any detectable 
side effects. Undoubtedly, detailed 
toxicity studies are required. 

The ocular inflammation in EIU is 
characterized by alteration of vascular 
permeability with protein leakage and 
inflammatory cell migration into the 
iris, ciliary body, and chambers.” 
Phospholipase A, activation along with 
substance P may cause all of these 
effects.” It is possible that antiflam- 
mins, because of their amphipathic 
(both hydrophilic and hydrophobic) 
structure, may penetrate the cellular 
membranes of the conjunctiva and cor- 
nea, ultimately reaching the anterior 
chamber. A receptor-mediated inter- 
nalization of uteroglobin has been re- 
cently suggested," and it may be via 
these receptors that the antiflammins 
are able to enter the ocular cells. 
These are, of course, speculations, and 
further experiments are needed. If we 
assume that these peptides make their 
way into the anterior chamber, then it 
is possible that they may act locally to 
suppress the ocular inflammation by 
inhibition of chemotaxis,” PLA, activi- 
ty," and platelet-activating factor 





production.” Antiflammins can act asa 
powerful agent to reduce ocular in- 
flammation in EIU. 

It is important to mention that the 
PLA, inhibitory activity of antiflam- 
mins has been found to be unstable in 
vitro if the peptides are not stored and 
dissolved under appropriate condi- 
tions." At least two factors may 
contribute to this instability—the oxi- 
dation of methionine residues and the 
possibility of peptide aggregation and/ 
or adhesion to the walls of the contain- 
er. Such circumstances, which are 
commonly observed with synthetic 
peptides, may explain the negative re- 
sults reported by some investigators.” 

Our results showed that the pres- 
ence of protein, unlike the inflamma- 
tory cells in the aqueous humor, was 
not affected by either dexamethasone 
or antiflammins. Since a longer period 
is required for the reabsorption of pro- 
tein than for the disappearance of in- 
flammatory cells, at 20 hours, protein 
may still linger in the anterior cham- 
ber; this observation should not be 
surprising. Protein material in the 
aqueous humor also includes large mol- 
ecules, such as lipoproteins, that are 
not PLA, mediated and whose pres- 
ence is not affected by either dexa- 
methasone or antiflammins.” 

Recently, a PLA, inhibitor, EPC, 
has been reported to be an anti-inflam- 
matory agent in EIU.’ However, EPC 
is not water soluble and requires sys 
temic administration before and after 
uveitis induction by lipopolysaccaride 
injection to achiéve its therapeutic ef- 
fect.” Thus, it should be noted that in 
contrast to EPC, the antiflammins are 
water soluble and topically applicable 
substances. Additionally, treatment 
with antiflammin can be commenced at 
the time of induction of EIU to achieve 
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its therapeutic effect. This latter point 
4s important since in clinical reality one 

-would be treating a disease when its 
_ signs and symptoms are already appar- 
ent rather than administering a drug 
prior to the manifestation of the dis- 
_ ease. Another ocular dual cyclooxy- 
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failure, or hypersensitivity to any component of this product. Use 
caution in treating patients with a history of cardiac failure, heart 
block, and patients receiving adrenergic psychotropic drugs or 
catecholamine-depleting drugs such as reserpine. Observe patients 
receiving an oral beta-blocker and BETOPTIC® S suspension for pos- 
sible additive effect on known systemic effects of beta-blockade. 
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BETOPTICE S petaxoioi HCI) 0.25% as base Sterile Ophthalmic Suspension 


: PESCRIPTION: BETOPTIC S Ophthalmic Suspension 0.25% contains betaxolol hydrochloride, a 


cardi- selective beta-adrenergic receptor blocking agent, in a sterile resin suspension formulation. 
INDICATIONS AND USAGE: BETOPTIC S Ophthalmic Suspension 0.25% has been shown to be 
effective in lowering intraocular pressure and may be used in patients with chronic open-angie 
glaucoma and ocular hypertension. It may be used alone or in combination with other intraocular 
pressure lowering medications. 

‘GONTRAINDICATIONS: Hypersensitivity to any component of this product. BETOPTIC S Ophthalmic 


“Suspension 0.25% is contraindicated in patients with sinus bradycardia, greater than a first degree 


atrioventricular block, cardiogenic shock, or patients with overt cardiac failure. 

WARNING: Topically applied beta-adrenergic blocking agents may be absorbed systemically. The 
same adverse reactions found with systemic administration of beta-adrenergic blocking agents may 
occur with topical administration. For example, severe respiratory reactions and cardiac reactions, 
including death due to bronchospasm in patients with asthma, and rarely death in association with 
cardiac failure, have been reported with topical application of beta-adrenergic blocking agents. 


oe BETOPTIG S Ophthalmic Suspension 0.25% has been shown to have a minor effect on heart rate and 
“blood pressure in clinical studies. Caution should be used in treating patients with a history of cardiac 


failure or heart block. Treatment with BETOPTIC S Ophthalmic Suspension 0.25% should be 
discontinued at the first signs of cardiac failure. 

PRECAUTIONS: General: Diabetes Mellitus. Beta-adrenergic blocking agents should be administered 
with caution in patients subject to spontaneous hypoglycemia or to diabetic patients (especially those 
with jabile diabetes) who are receiving insulin or oral hypoglycemic agents. Beta-adrenergic receptor 
blocking agents may mask the signs and symptoms of acute hypoglycemia. Thyrotoxicosis. Beta- 
adrenergic blocking agents may mask certain clinical signs (e.g., tachycardia) of hyperthyroidism. 
Patients suspected of developing thyrotoxicosis should be managed carefully to avoid abrupt 
withdrawal of beta-adrenergic blocking agents, which might precipitate a thyroid storm. 
Muscle Weakness. Beta-adrenergic blockade has been reported to potentiate muscle weakness 
consistent with certain myasthenic symptoms (e.g, diplopia, ptosis and generalized weakness). 
Major Surgery. Consideration should be given to the gradual withdrawal of beta-adrenergic blocking 
‘agents prior to general anesthesia because of the reduced ability of the heart to respond to beta- 
adrenergically mediated sympathetic reflex stimuli. Pulmonary. Caution should be exercised in the 
treatment of glaucoma patients with excessive restriction of pulmonary function. There have been 
reports of asthmatic attacks and pulmonary distress during betaxolol treatment. Aithough 
rechallenges of some such patients with ophthaimic betaxolol has not adversely affected pulmonary 
function test results, the possibility of adverse pulmonary effects in patients sensitive to beta blockers 
cannot be ruled out. Drug interactions: Patients who are receiving a beta-adrenergic blocking agent 
orally and BETOPTIC S$ Ophthalmic Suspension 0.25% should be observed for a potential additive 
effect either on the intraocular pressure or on the known systemic effects of beta blockade. Close 


~ gbservation of the patient is recommended when a beta blocker is administered to patients receiving 


catecholamine-depleting drugs such as reserpine, because of possible additive effects and the 
production of hypotension and/or bradycardia. Betaxolol is an adrenergic blocking agent; therefore, 
caution should be exercised in patients using concomitant adrenergic psychotropic drugs. Ocular: in 
patients with angle-closure glaucoma, the immediate treatment objective is to reopen the angle by 
constriction of the pupil with a miotic agent. Betaxoloi has litte or no effect on the pupil, When 
BETOPTIC S Ophthalmic Suspension 0.25% is used to reduce elevated intraocular pressure in angie- 
closure glaucoma, it should be used with a miotic and not alone. Carcinogenesis, Mutagenesis, 
impairment of Fertility: Lifetime studies with betaxolol HCI have been completed in mice at oral 
doses of 6, 20 or 60 mg/kg/day and in rats at 3, 12 or 48 mg/kg/day; betaxoio! HC! demonstrated no 
‘carcinogenic effect. Higher dose levels were not tested. in a variety of fn vitro and in vive bacterial and 
mammalian cell assays, betaxolol HC! was nonmutagenic. Pregnancy: Pregnancy Category C. 
Reproduction, teratology, and peri- and postnatal studies have been conducted with orally 


-» administered betaxolol HCI in rats and rabbits. There was evidence of drug related postimplantation 


loss in rabbits and rats at dose levels above 12 mg/kg and 128 mg/kg, respectively. Betaxolo! HCI was 
not shown to be teratogenic, however, and there were no other adverse effects on reproduction at 
subtoxic dose levels. There are no adequate and well-controlled studies in pregnant women. 
BETOPTIC S should be used during pregnancy only if the potential benefit justifies the potential risk to 
the fetus. Nursing Mothers: it is not known whether betaxolo! HC! is excreted in human milk. Because 
many drugs are excreted in human milk, caution should be exercised when BETOPTIC S Ophthalmic 
Suspension 0.25% is administered to nursing women. Pediatric Use: Safety and effectiveness in 
children have not bean established. 

ADVERSE REACTIONS: Ocular: in clinical trials, the most frequent event associated with the use of 
BETOPTIC S Ophthalmic Suspension 0.25% has been transient ocular discomfort. The following other 
conditions have been reported in smali numbers of patients: blurred vision, cornea! punctate keratitis. 
foreign body sensation, photophobia, tearing. itching, dryness of eyes, erythema, inflammation, 


“discharge, ocular pain, decreased visual acuity and crusty lashes. Additional medical events reported 
-with other formulations of betaxolol include allergic reactions, decreased comeal sensitivity, edema 


and anisocoria. Systemie: Systemic reactions following administration of BETOPTIC S Ophthalmic 
Suspension 0.25% or BETOPTIC Ophthalmic Solution 0.5% have been rarely reported. These include: 


: “Cardiovascular: Bradycardia, heart biock and congestive failure. Pulmonary: Pulmonary distress 
= eharacterized by dyspnea, bronchospasm, thickened bronchial secretions, asthma and respiratory 


tallure, Central Nervous System: Insomnia, dizziness, vertigo, headaches. depression, and lethargy. 
Other: Hives, toxic epidermal necrolysis, hair toss, and glossitis. 

OVERDOSAGE: No information is available on overdosage of humans. The oral LDSO of the drug 
Tanged trom 350-920 mg/kg in mice and 860-1050 mg/kg in rats. The symptoms which might be 
expected with an overdose of a systemically administered beta-1-adrenergic receptor blocking agent 


“ate bradycardia, hypotension and acute cardiac failure. A topical overdose of BETOPTIC S Ophthaimic 


Suspension 0.25% may be flushed from the eye(s) with warm tap water. 
CAUTION: Federal (USA) Law Prohibits Dispensing Without a Prescription. 
US. Patent Nos, 4,252,984; 4,311,708; 4.342,783:4.911,920, 
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Fig 1.—Preoperative appearance showing 
left-sided proptosis. 





Fig 2.—Computed tomographic scan shows 
a well-circumscribed cystic mass with dis- 
placement of the globe. 






i a 
Fig 3.—Coronal magnetic resonance image 


{T, weighted) shows low signal intensity of the 
orbital mass (arrow). 


Fig 4.—Parasagittal magnetic resonance im- 

age (T, weighted) shows high-signal-intensi- 

_ ty lesion (arrows) and anterior displacement 
_of the globe. 
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Hydatid Cyst of the Orbit 


eee woman presented with 
slowly progressive proptosis of her left 
eye (Fig 1). The ophthalmic examination 
revealed a visual acuity of light perception, 
diffuse impaired extraocular motility, and 
13 mm of proptosis of the left eve. A soft 
mass was palpable inferotemporally. Com- 
puted tomographic studies demonstrated a 
well-defined, large, retrobulbar and tempo- 
ral, unechoic, cystic mass (Fig 2). Magnetic 
resonance imaging showed a low-intensity 
signal on T,-weighted images and a high- 
intensity signal on T,-weighted images 
(Figs 3 and 4). Because the patient was 
from an endemic area of echinococcosis, a 
hydatid cyst was considered the most likely 
diagnosis. A Kroenlein-Berke surgical ap- 
proach was employed to remove the cyst 
(Fig 5). Grossly, the specimen consisted of a 
white, 40 x 32 x 30-mm unilocular cyst (Fig 
6). An unstained, microscopic examination 
of the liquid content showed brood capsules 
containing protoscolices (Fig 7). 















COMMENT 


Hydatid cyst should be included in 
the differential diagnosis of unilateral 
proptosis in patients from countries 
where echinococcosis is endemic.’ Most 





Fig 5.—Surgical photograph demonstrating 
removal of the cyst. 





Fig 6.—Gross appearance of the cyst. 


affected patients are children or young 
adults; however, age is not an exclu- 
sion factor when considering the diag- 
nosis.” Patients present with slowly 
progressive unilateral exophthalmos 
associated with a varied degree of im- 
paired extraocular motility function.” 
Ultrasonography and computed to- 
mography facilitate the diagnosis.’ To 
our knowledge, this is the first descrip- 
tion of magnetic resonance imaging of 
a hydatid cyst of the orbit. Magnetic 
resonance imaging characteristics of 
high T, and low T, intensities may be 
helpful to rule out other cystic lesions 
with a less watery content. Careful 
blunt dissection is important to surgi- 
cally remove the lesion intact and 
avoid seeding. 


S. FABIAN LERNER, MD 
ADOLFO GOMEZ MoRALES, MD 
J. OSCAR CROXATTO, MD 
Buenos Aires, Argentina 
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Fig 7. — Nomarski interference light microsco- 
py of a protoscolex with suckers and hooklets 
(unstained, original magnification x 650). 
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Hemorrhagic Lymphangiectasia 


of the Conjunctiva 


47-year-old woman presented with a 

10-day history of “bleeding” on the 
surface of the right eye. She denied any 
associated pain, discharge, diplopia, acute 
visual changes, or prior trauma. She had 
had a similar episode of spontaneous bleed- 
ing on the surface of the right eye 2 years 
earlier. 

Visual acuity was 20/20 OU. Large sub- 
epithelial ectatie lymph channels located 
predominantly in the superotemporal quad- 
rant were filled with blood (Fig 1). Along 
the tortuous course of these lymphatic ar- 
cades, multiple segmental constrictions and 
dilations occurred (Fig 2). The size or con- 
gestion of these blood-filled lymphatic chan- 
nels did not change with Valsalva. Multiple, 
dilated, subcutaneous, vascular channels 
were also noted on the nasal aspect of the 
right upper eyelid (Fig 3). 

Two months later, blood completely 
cleared from the lymphangiectatic channels 
(Fig 4). 


COMMENT 


Hemorrhagic lymphangiectasia of 
the conjunctiva was first described by 
Leber in 1880." This is a condition in 
which lymphatic channels become sec- 
ondarily filled with blood after a com- 
munication develops with a conjuncti- 
val vein. This communication with the 
venous system may occur with chronic 
inflammation or trauma, or it may 
develop spontaneously, as experienced 
by our patient. Associated subconjunc- 
tival hemorrhage or vascular abnor- 
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mality of the eyelids may. also occur ™ 
Typically, the blood in the lumen. clears 
after several weeks, revealing only 
dilated, clear-fluid—filled lymphatic 
channels (Figs 4 and 5). Patients may 
experience intermittently recurrent 
bleeding, but therapy is usually not 
required unless persistent or severe 
bleeding develops in these dilated vas- 
cular channels. Localized conjunctival 
excision or diathermy have been used 
to reduce or eliminate these lymphan- 
giectasias.”* 


This project was supported in part by Research 
to Prevent Blindness, Ine, New York, NY, and by 
the Florida Lions Eye Bank, Miami. 

Reprint requests te Bascom Palmer Eye Insti- 
tute, PO Box 016880, Miami, FL 33101 (Dr Tse). 
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Davin T. Tse, MD 
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Fig 1.—Hemorrhagic lymphangiectasia of the conjunctiva. The ves- 
sels are most pronounced in the superotemporal bulbar conjunctiva of 
the right eye. 











Fig 3.—Vascular abnormality involving the nasal margin of the right 
upper eyelid. 
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Fig 2.—In the superior bulbar conjunctiva, numerous blood-filled lym- 
phatic arcades are shown arching across the globe. Cul-de-sac- 
like dilations along the arcades can be seen. 





Fig 4.—Two months later, blood completely cleared from the lymphan- 
giectasias. Clear lymph is seen centrally, filling the largest lymphatic 
channel (outlined by arrows). 


Fig 5.—A biopsy specimen from a similar 
case demonstrates the dilated endothelial- 
lined lymph channels (arrows). The upper 
lymphatic channel is empty (upper right aster- 
isk), but the channel below is filled with plas- 
ma (lower left asterisk) (hematoxylin-eosin, 
original magnification x 110). 
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Surgical Technique 


Autogenous Fascial Grafts for Exposed Retinal Buckles 


Steven C. Dresner, MD; David S. Boyer, MD; Robert E. Feinfield, MD 


è Three patients with exposed scleral 
buckling elements received autogenous 
fascial grafts as an alternative to buckle 
removal. All three patients had success- 
ful coverage of their scleral buckles. 
There were no redetachments or infec- 
tions. One patient had a postoperative 
ptosis that required repair. Autogenous 
fascial grafts are useful procedures in 
patients with exposed retinal buckles 
who have a significant risk of retinal 
redetachment with buckle removal. 

(Arch Ophthalmol. 1991;109:288-289) 


xposure of retinal buckles occurs 

infrequently and necessitates the 
removal of the buckling elements.” 
Retinal redetachment, however, is a 
definite risk and in some patients re- 
moval of the buckle may be undesir- 
able. We describe a technique to cover 
exposed buckling elements with autog- 
enous fascial grafts. This technique has 
been used in three patients with excel- 
lent results. 


SURGICAL PROCEDURE 


The procedure can be performed under 
general or local anesthesia. Adequate fascia 
can be harvested from the fascia lata fe- 
moris or temporal fascia. The temporal 
fascia is readily accessible from the same 
operative site and is our preferred method. 

The incision is marked behind and paral- 
lel to the hairline in the temporal scalp (Fig 
1). A 3- to d-cm incision is made through the 
skin and subcutaneous tissue. The temporal 
fascia is then easily encountered (Fig 2), A 
No. 15 blade is used to incise the fascia; a 
piece four to five times the size of the defect 
to be covered is usually adequate. The 
fascia is harvested using scissors, and the 
incision is closed with staples. 

The conjunctiva adjacent to the extruded 
area is undermined for 360° with Westeott 
scissors under the operating microscope. 
Any exposed suture material is removed. 
Relaxing incisions are made in the conjunc- 
tiva anterior to the buckle to allow better 
exposure to place the fascial graft. The 
graft is placed over the exposed buckle and 
sewn into place posteriorly with double- 
armed absorbable sutures through the con- 
junctiva deep in the fornix. Anteriorly, the 
graft is sewn onto the sclera. The conjuncti- 





Accepted for publication August 28, 1990. 

From the Division of Ophthalmic Plastic and 
Reconstructive Surgery, Jules Stein Eye Insti- 
tute, UCLA (Dr Dresner), and the Department of 
Ophthalmology, Estelle Doheny Eye Institute, 
University of Southern California Medical Center, 
Los Angeles (Dr Boyer). 

Reprint requests to 2222 Santa Monica Blvd, 
Suite 101, Santa Monica, CA 90404 (Dr Dresner). 


va is then advanced over the graft and sewn 
together if possible. 


REPORT OF CASES 


CASE 1.—A 53-year-old woman who had 
had three retinal detachments in her right 
eye presented with an inferior temporal 
detachment in the same eye. A superior 
buckle exposure was present from the 
10-o’elock to 11-o'clock positions (Fig 3). At 
the time of surgery, a No. 277 silicone tire 
and a No. 240 band were in place. The 
patient underwent repair of the retinal de- 
tachment and a primary closure of the 
conjunctival defect. The retina remained 
attached. However, the buckle remained 
exposed in the same area. Because of the 
patients history of multiple detachments, 
we decided not to remove the buckle and te 
place a bank selera patch graft and perform 
conjunctivoplasty to cover the defect. Ini- 
tially, the buckle remained covered; howev- 
er, 10 weeks after surgery the buckle was 
reexposed. An autogenous fascia lata graft 
was then placed over the defect and a 
conjunctivoplasty was performed. At the 
19-month follow-up, the buckle remained 
covered. 

CASE 2.—A 64-year-old man underwent 
cataract surgery in the left eye; 8 months 
later the retina detached and was repaired 
at another institution. The retina rede- 
tached and the patient was referred for 
repair. On examination, the patient was in 
stage D2 proliferative vitreoretinopathy. 
The buckle was exposed superiorly from the 
11l- o'clock te 12-0’clock positions. A pars 
plana vitrectomy, endolaser photocoagula- 
tion, and air-fluid exchange were per- 
formed. The patient had a previously placed 
No. 281 tire and a No. 40 band. The tire 
was trimmed and the conjunctiva was mobi- 
lized to close the defect. The retina re- 
mained flat. However, the buckle remained 
exposed between the 10-o’clock and 11- 
o'clock positions. 

An autogenous temporal fascial graft was 
placed over the defect and a conjunctivo- 
plasty was performed. A postoperative pto- 
sis was repaired by an aponeurotic ap- 
preach. Sixteen months after surgery, the 
buekle remained covered. 

CASE 3.—A 53-year-old diabetic woman 
presented with a phakic retinal detachment 
involving the fovea in the right eye. Trac- 
tion at the vitreous base, associated with 
hemorrhage, was noted during surgery. A 
No. 277 silicone segment was placed from 
the 4-o’elock to 11 o’clock positions and a 
No. 240 band was placed in the groove and 
secured circumferentially. Seven months 
later, she underwent a routine phacoemulsi- 
fication cataract extraction in the same eye. 
Three months after the cataract extraction, 
the buckle was noticed to be extruding 
superotemporally between the 10-o'clock 
and 11 o'clock positions. Because of contin- 
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ued vitreoretinal traction, an autogenous 
temporal fascial graft was performed with a 
conjunctivoplasty. The buckle remained 
well covered 8 months after surgery. 


RESULTS 


Three patients received autogenous 
fascial grafts for exposed retinal buck- 
les. All three patients had solid silicone 
buckling elements in place. One pa- 
tient also had a bank sclera patch graft 
for an exposed buckle that resorbed. 
Two patients underwent primary con- 
junctivoplasties to cover the defect at 
the time of retinal detachment sur- 
gery. All three patients had braided 
polyester fiber sutures placed in the 
area of the buckle exposure. There 
were no infections and ail buckling 
elements remained covered after sur- 
gery. One patient had a postoperative 
ptosis that required repair. 


COMMENT 


Exposure of scleral buckling ele- 
ments is a known, although infrequent, 
complication of retinal detachment sur- 
gery.’ The exposure may be a result 
of an oversized buckling element or 
acute and chronic infection.” Removal 
of the buckle is usually recommended 
rather than attempts to cover the ex- 
posed elements.” 

The associated problems with chron- 
ic exposure of the buckle must be 
weighed against the possibility of rede- 
tachment after its removal. In a study 
of 600 consecutive retinal detach- 
ments, Hilton and Wallyn’ noted a 
redetachment rate of 4% after removal 
of the buckles. Schwartz and Pruett’ 
found that 14.5% of their patients’ 
retinas redetached after removal of the 
buckling elements. Ulrich and Burton’ 
described 37 infected eves after de- 
tachment requiring removal of the 
buckles. Eight (22%) of these 37 reti- 
nas redetached within 1 month of 
removal. 

Extruding and exposed implants 
may be either clinically or subclinically 
infected. Infection may also increase 
the risk of redetachment and the de- 
velopment of prqliferative vitreoretin- 
opathy. A substantially. higher rede- 
tachment rate also follows removal of 
buckling elements that have been in 
place less than 6 months.’ 

Two of the patients in this study 
underwent multiple detachment proce- 
dures and one patient had persistent 
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Fig 1.—The incision is marked behind and 
parallel to the hairline in the temporal aspect 
of the scaip. 





Fig 2.—The incision is made through the skin 
and subcutaneous tissue to the temporal 
fascia. 


vitreous traction and was believed to 
be at increased risk of redetachment, 
necessitating an alternative approach 
to buckle removal. Two of the patients 
had primary conjunctivoplasties at the 
time of their last detachment surgery. 
Since these procedures were not effec- 
tive, a grafting procedure was consid- 
ered. Extrapolating from our experi- 
ence with extruding orbital implants, 
we believed that conjunctival grafts or 
conjunctivoplasty alone would not be 
curative. 

The first patient had a preserved 
scleral graft with a conjunctivoplasty. 
The graft subsequently melted and the 
buckling elements were left exposed at 
the same location. Scleral grafts are 
nonautogenous and resorption of these 
grafts varies. In addition, there is a 
theoretical risk of the transmission of 
viral diseases with this tissue.’ Autog- 
enous fascial grafts were performed 
=thereafter to avoid the problems of 
-praft resorption and to eliminate the 
risks of nonautogenous materials. 
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Fig 3.— Top. Preoperative appearance of the 
exposed buckle. Bottom, Postoperative ap- 
pearance after an autogenous fascial graft 
has been placed. 


Autogenous fascia has been used 
successfully for many vears to correct 
eyelid and orbital deformities.” It has 
also been used as a buckling element 
and to reinforce the sclera and cornea 
in various ocular conditions.""* Fascia 
is composed of a collagen matrix with 
fibroblasts and elastic tissue. Its rela- 
tive acellularity and low nutritional 
requirements make it suitable for 
grafting. Its use as a patch graft for 
extruding buckling elements has not 
been previously reported, to our 
knowledge. 

Two of the three patients in our 
study had large buckling elements and 
had undergone more than one retinal 
procedure prior to grafting. One other 
patient had a cataract extraction on 
the same eye after retinal detachment 
surgery. In all areas grafted, there 
were also exposed braided polyester 
fiber sutures with unburied knots. The 
multiple procedures may have contrib- 
uted to conjunctival tissue loss, thin- 
ning of tenons, and subsequent buckle 


exposure. The braided configuration of 


the polyester fiber suture as well as 
the unburied knots may also have con- 
tributed to conjunctival thinning and 
fistulization. All the patients in this 
study had exposed buckling elements 
superiorly. It is possible that mechani- 
cal irritation on the buckle from the 
upper lid contributed to the tissue loss 
in these areas. One patient had a post- 


operative ptosis that required repair. 
This may have occurred because the 
conjunctiva was advanced from the 
superior fornix to cover the graft, 
shortening the fornix and restricting 
the eyelid. To avoid this, the conjuncti- 
va can be mobilized inferiorly and ro- 
tated up over the graft. 

Not all exposed or infected buckles 
need to be grafted and left in place. 
Once a firm chorioretinal adhesion de- 
velops, the buckle may be removed. 
Norton” has suggested that a buckle 
may be safely removed 3 weeks after 
placement, and Lincoff et al" believe 
that they can be removed in 2 weeks. 
Schwartz and Pruett,’ however, stated 
that buckles removed less than 6 
months after placement have a signifi- 
cantly greater risk of redetachment. 

Hewes patients with exposed 
buckles whose retinas have been at- 
tached for short periods may be candi- 
dates for fascial grafting instead of 
buckle removal. In addition, patients 
with a history of multiple detachment 
procedures or those who have continu- 
ing vitreoretinal traction may also ben- 
efit. Autogenous fascial grafting is a 
useful technique that allows flexibility 
in the treatment of extruding solid 
silicone buckling elements. 
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Continuing Medical Education 


ARIZONA 


17th Ann Frontiers in Ophthalmol At: Scotis- 
dale Dates: 2/21/91 to 2/23/01 Reg Fee: $375 
Contact: Christine Campbell, Mtg Planner, 
Frontiers in Ophthalmol, 1419 E Divot Dr, Tem- 
pe, AZ 85283; (602) 820-7027 


CALIFORNIA 


dules Stein Eye Inst Ann Postgrad Sem 25th 

Anniversary Celebration At: Beverly Hills 
Dates: 3/7/91 to 3/9/91 Hrs Instr: 24 Contact: 
Gretchen Falvo, Jules Stein Eye Inst, Dir of 
Acad Prgms, 100 Stein Plaza, UCLA, Los An- 
geles, CA 90024-7000; (213) 825-4617 





Pearls of Ocular Therapy At: La Jolia Date: 
2/23/91 Hrs Instr: 8 Reg Fee: $120, $65 for 
residents Contact: Laurie Jones, Dept of Aca- 
demic Affairs, Box 4008, Seripps Clinic and 
Research Found, 10666 N Torrey Pines Rd, La 
Jolla, CA 92037; (619) 554-9592 


A 1-Day Symp on Cataract and Anterior Seg- 
ment Surg At: Los Angeles Date: 2/22/91 Con- 
tact: White Memorial Med Ctr, Dept of Ophthal- 
mol, 414 N Boyle Ave, Los Angeles, CA 90033; 
(213) 269-0644 


Pacific Coast Oto-Ophthalmol Soc 75th Ann 
Mtg At: Monterey Dates: 6/15/91 to 6/19/91 
Contact: Mireya Jones, PCOOS Manager. 115 
W California Blvd, Suite 405, Pasadena, CA 
91105; (818) 564-8114 


Retina Workshop for Gen Ophthalmologists 
At: San Francisco Dates: 4/12/91 to 4/13/91 Hrs 
Instr: 14 Reg Fee: $550 Contact: Lorraine 


Geary, c/a Dr Howard Schatz, 1 Daniel Burnham 
Ct, No. 210C, San Francisco, CA 94109; (415) 
441-0906 


Adv Retina Symp At: San Francisca Dates: 
5/10/91 to 5/11/91 Hrs Instr: 14 Reg Fee: $450 
Sponsor: Retina Res Fund of St Mary Hosp & 
Med Ctr Contact: Lorraine Geary, c/o Dr How- 
ard Schatz, 1 Daniel Burnham Ct, No. 210C, San 
Francisco, CA 94109; (415) 441-0906 








Basic Sci Course in Ophthaimcl at Stanford 
Univ At: Stanford Dates: 7/1/91 to 8/29/91 Reg 
Fee: $1750 Contact: Basic Sci Course, Peter R. 
Egbert, MD, Dir Dept of Ophthalmei, A-157 
Stanford Med Ctr, Stanford, CA 94305-5308; 
(415) 725-7269 (Susan Marsh) 





COLORADO 


Adv Aspen Anterior Segment Sem At: Aspen 
Dates: 3/4/91 to 3/8/91 Contact: Sharlee Dodd, 
Conf Coord, Dulaney Eye Found. 9428 W Bell 
Rd, Sun City, AZ 85351; (602) 933-3845 


The Wilmer inst Current Concepts Ophthalmol 
Eighth Ann Mtg At: Vail Dates: 2/9/91 to 
3/16/91 Hrs Instr: 30 Reg Fee: $500, $350 (those 
in training) Contact: Off of Coat Educ, The 
Johns Hopkins Med Inst, Turner Bldg. 720 Rut- 
land Ave, Baltimore, MD 21205-2195; (301) 955- 
2959 


FLORIDA 


The Palm Beach Retina Vitreous Course At: 
Palm Beach Gardens Dates: 2/16/91 te 2/17/91 
Contact: Carol Duke, Alcon Surgical, (300) 862- 
5266 or Marianne O'Rourke, (407) 382-4411 














Florida Soc of Ophthalmol Ann Mtg At: Paim 
Beach Gardens Dates: 4/11/91 to 4/15/91 Con- 
tact: FSO. 1133 W Morse Blvd, Suite 201, 
Winter Park, FL 32789; (407) 647-8839 


Fifth Ann Mid-Winter Sarasota Vitreoretinal 
Update Course At: Sarasota Dates: 2/27/91 to 
3/2/91 Sponsor: Sarasota Retina Inst Contact: 
Joanne Jackson, Course Coord, 3460 Bee Ridge 
Rd, Sarasota, FL 34239; (813) 921-5335 


GEORGIA 


28th Ann Emory Univ Dept of Ophthalmol 

Alumni Postgrad Course At: Buckhead Dates: 
2/22/91 to 2/23/91 Contact: CME, Emory Univ 
Sch of Med, Woodruff Health Sci Admin Bldg, 
1440 Clifton Rd, NE, Atlanta, GA 30622 





ILLINOIS 


Ninth Ann Clin Challenges Day At: Chicago 
Date: 3/13/91 Hrs Instr: 7 Reg Fee: $50 Contact: 
Ninth Ann Clin Challenges Day, Univ of Minois 
at Chieago, UIC Eye Ctr, Office of Special 
Prgms, 1855 W Taylor St, Chicago, Hh; (312) 998- 
4147 


MARYLAND 


50th Anniv Mtg of the Wilmer Residents Assn 
At: Baltimore Dates: 4/25/91 to 4/27/91 Con- 
tact: Jo Ann L. Young, Wilmer 232, The Johns 
Hopkins Hosp, 600 N Wolfe St, Baltimore, MD 
21205; (301) 955-2830 


Third National Eye inst Symp on Eye Dis Epi- 
demiology At: Bethesda Dates: 3/25/91 to 
(Continued on p 292.) 





MANHATTAN Eye, Ear & THroat HOSPITAL 
1991 CME Courses 





THE MASTERS OF OPHTHALMIC PLASTIC SURGERY 
Course Directors: Richard Lisman. M.D.. Rene Rodriguez-Sains, M.D., 
Murray Meltzer, M.D., Byron Smith, M.D. 

Guest Surgeons: Richard L. Anderson, M.D., Charles R. Leone, Jr, M.D., Orkan George Stasior, M.D. 
20 Live Surgery cases will be presented. Topics include orbital. lacrimal, ptosis and socket surgery, 
blepharoplasty; ectropion and entropion correction; cryosurgery; enuc 

thyroid eyelid malposition; dermis fat grafting. 


1991 SIGMUND SCHUTZ PROFESSORSHIP 


Visiting Professor: Steven T. Charles, M.D.. University of Tennessee, Memphis 


CONTACT B&A SCAN ULTRASONOGRAPHY FOR THE CLINICIAN 
Course Director: Yale L. Fisher, M.D. Topics include the history & physics of A&B Scan, exam techniques, 
lens & vitreous abnormalities, documentation & waterbath techniques. 


FLUORESCEIN WORKSHOP 
Course Directors: Florence Milch, M.D. & John Sorenson, M.D. Tepics include diagnosis & treatment 
of retinal, macular & vitreal disease, stereoscopic evaluation & interpretation of fluorescein angiograms. 


MEETH ALUMNI BIENNIAL MEETING 
Course Directors: Eric Donnenfeld,M_D., Vincent Giovinazzo, M.D., Jason Slakter, M.D. 
This course provides a comprehensive review of current diagnostic & therapeutic ophthalmic techniques. 


March 1-2, 1991 


tion; 





March 21-23, 1991 


April 6, 1991 


April 20, 1991 


May 106-11, 1991 








e 





CME Category I Accreditation available. All courses will be held at Manhattan Eye, Ear & Throat Hospital in New York Ciry. 
For further information contact: Kimberly Corbin, Course Coordinater, Department of Ophthalmology, 
Manhattan Eve, Ear & Throat Hospital, 210 East 64th Street, New York, New York 100621 (212) 605-3761. FAX (212) 753-7699 
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March 16-20, 1991 


The Sheraton Society Hill Hotel 
Philadelphia, PA 








HIWills Eye Hospital 


announces 


The Sixteenth Annual 
Ophthalmology Keview Course 


MARCH 
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Guest Speaker 
David L. Guyton, M.D. 


Associate Professor of Ophthalmology 
The Wilmer Ophthalmological Institute 
Johns Hopkins University 
Baltimore, Maryland 


Faculty & Topics 


Topic 
_ Retina & Vitreous 
Corneal & External Diseases 












Ocular Pathology 
Uveitis 
_ Orbit, Eyelid & Lacrimal System 


Optics & Refraction 

Physiology 

-Pharmacology & Therapeutics 

-Pediatric Ophthalmology & Strabismus 
_ Neuro-Ophthalmology 

- Anatomy & Embryology 

- Ocular Tumors 

-Glaucoma 


- Further Information: 
~ = Wills Eye Hospital 
- Department of Continuing Medical Education 
- Oth & Walnut Streets 
Philadelphia, FA 19107 


(215) 440-3168 





Faculty 
William E. Benson, M.D. 
Elisabeth J. Cohen, M.D. and 
Kent G. Leavitt, M.D. 
Ralph C. Eagle, Jr., M.D. 
David H. Fischer, M.D. 
Joseph C. Flanagan, M.D. 
and Mary A. Stefanyszyn, M.D. 
David L. Guyton, M.D. 
Joseph I. Markoff, M.D. 
Marlene R. Moster, M.D. 
Leonard B. Nelson, M.D. 
Peter J. Savino, M.D. 
Hermann D. Schubert, M.D. 
Jerry A. Shields, M.D. 
Richard F. Wilson, M.D. 


Tuition Fee: 
$600 Practicing Physicians & Fellows 
$300 Residents 

(with Letter from Frogram Chairman) 
Continuing Education Credits: 
This course is eligible for 41 credit hours in 
Category I of the Physicians’ 
Recognition Award of the AMA 











(Continued from p 290.) 

3/2 9l Contact: lahanna McDonough, Senior 
atems, TIOL Wis- 
Bethesda, MD 20814- 










fe, ‘Suite 610, 
5i ORB-ASTO 


MASSACHUSETTS 


Harvard Med Sch Ophthalmol Rev Course At: 
Boston Dates: 3/22/91 to 3/26/91 Reg Fee: $600 
Contact: Dept of Cont Educ, Harvard Med Sch 
Boston, MA 02115; (617) 482-2615 











MINNESOTA 


Current Concepts in Pediatric Ophthalmol & 
Strabismus At: Minneapolis Dates: 4/15/91 to 






~ Sinica polis, “RIN 55455; 






NEW YORK 


Seventh Ann Live Ophthalmic Plastice Surg 
Workshop—Masters of Ophthalmic Plastic 
Surg At: New tori Dates: 3/1/91 to 3241 Pg 










Manbaa tan Eye, Ear & 
New York oN 


in 
0 E 684th St, 
5-3761; FAX (212 


Dept of Opht 
Throat Hosp, 
10021; (212) € 





Spring Mtg New York Soc for Clin Ophthalmol: 
Management of Intraoperative and Postopera- 
tive Complications and Clinicopathologic 
Correlation At: New York Date: 3/16/91 Con- 

: Francine Leinhardt, Manhattan Eve, 

oat Hosp, 210 E 64th St, New Yor 

16021; (212) S38-9200 ext 2776) F AX 

9126 













The LuEsther T. Mertz Vitreous-Retina-Macula 
Lectures At: New York Date: 5/19/91 Speaker: 
James J. Augsburger, MD Sponsor: . of 
Ophthalmol, Manhattan Eye, Ear 
Hosp Contact: Kimberly Corbin, £ 
Dept of Ophthalmol, MEETH. 
New York, NY 10021; (212) 66. 






Sigmund Schutz Visiting Professorship At: 
New York Dates: 3/21/91 to 3/25/91 Contact: 
Kimberly Corbin, Course C i 
thalmol, Manhattan Eve, Ear & Throat He 
210 E 64th St. New York, NY MARZI, (212) t 
3761, FAX (212) 753-7699 









Contact B&A Ultrasonography for the Clinician 

At: New York Date: 4/6/91 Hrs Instr: 7 Reg Fee: 
or attending physicians, > for residents 
& fellows Contact: Kimberly Corbin, Course 
Coord, Dept of Ophthalmol, Manhettan Eve, Ear 
& Throat Hosp, 210 E 64th St, New York, NY 
10021; (212) 605-3761 


















Fluorescein Workshop At: New York Date: 
4/20/91 Contact: Kimberly Corbin, Cour 
Coord, Dept of Ophthalmol, Mant > 
& Throat Hosp 210 E 64th 
10021; (212) 805-3761; FAX 12) 










Eyelid Rejuvenation Symp At: New e Dates: 
5/53/91 to 54/91 Contact: Francise Leinhardt. 

rd, Manhattan Eye, Ear & Throz 
Jew York, NY 10021: 
a: FAX (212) 832-9126 









Manhattan Eye, Ear & Throat Hosp, Dept of 
Ophthalmol Alumni Symp At: Nez: ae Dates; 
5/10/91 to 4/191 Contact: Kimi 
Course C oard, Dept of Ophthalmol, 
210 E g4ti New York, NY 10; fae 
3761: FAX (21 33-7699 








Ann Ophthalmol Conf Featuring the 36th Ann 
Albert C. Snell Mem Lect At: Rochester Dates: 


4/181 to 4/20/91 Contact: Univ of Rochester 
Med Ctr, Office of Cont Prof Edue, 601 Elmwood 
Ave, Box 677, Rochester, NY 14642: (716) 275- 





OHIO 


34th Ann Postgrad Symp in Ophthaimol: Cur- 
rent Concepts in Ocular Inflammation At: Co- 

honbus Dates: 3/1/91 to 3/2/91 Hrs Instr: 1 
Reg Fee: 3200, phys: $100, non-OSU hos 
ees Contact: The Ohio State Univ Ctr for C ME, 
(614) 292-4985 or (500) 492-4445 











PENNSYLVANIA 


16th Ann Ophthalmol Rev Course At: Philadel- 

phia Dates: 3/16/91 to 3/20/91 Hrs Instr: 41 Reg 
Fee: $600, practicing phys & fellows; $300, resi- 
dents (with letter fram prem ch airman) Contact: 
Wills Eye Hosp, Dept of C 8th & Walnut 
Streets, Philadelphia, PA 19107; (215) 440-3188 









Wilis Eye Hosp Ann Conf and Joint Mtg with 
Pennsylvania Acad of Ophthalmol At: Phila- 
delpkia Dates: 4/11/91 to 4/13/91 Hrs Instr: 16 
Reg Fee: | for prac phys, $100 for retired 
phys, residents & fellows Contact: Jeanne 
Coughlin, g Manager, 1621 Norristown Rd, 
Maple Glen, PA 18002; (215) 641-9568 




















The 27th Ann Spring Mtg of the Pittsburgh 
Ophthalmol Soc & the Dept of ale te 
Univ ot Eyii Sa of Med At: Pi f 










for 






5 5 Mosside 
) 245-8845 


phy 
nerdell, 


Bivd, Monr genile: PA 15146; 4 


The 12th Ann Symp for Allied Ophthalmic Per- 
sonnel At: Pittsburg! Dates: 3/22/91 to = q 
Reg Fee: $75 Sponsor: Pittsburgh Ophthalmo 
Soe Contact: Pat Kennerdell, POS Executive 














MEMPHIS EYE CONVENTION 


AND 


UNIVERSITY OF TENNESSEE 
20th ANNUAL OPHTHALMOLOGY RESIDENTS DAY 


APRIL 13-14, 1991 





GUEST FACULTY: 





. 


v 


* 








c= 
Robert E. Waller, M. D. 
1st Annual Kambara Lecture: The Future of Medicine 


Donald S. Minckler. M. D. 


Lawrence J. Singerman, M. D. 


kd 





Special Guest Faculty: 


e THE OMNI HOTEL ¢ MEMPHIS, TENNESSEE 


* Ophthalmic Plastic Surgery: Clinical Presentations 
Pathophysiology of the Optic Nerve in Glaucoma 
Angle Closure Revisited 

Drainage Implants Current Status 

Update of Macular Photocoagulation Studies 
Pigment Epithelial Detachment 

+ Less Common Causes of Charoidal Neovascularization 


Fluorescein Angiography and Its Practical Role in 
the Office Management of Retinal Diseases 


* Medicare Reimbursement as Applied to 
Ophthalmology: Past, Present and Future 

e Regional Variation in Reimbursement: 
Why and How? 


* The Problem of Downgrading Level 
of Service: How to React 


William E. Rose, Jr. 
Medicare Reimbursement Consultant 
For Further Information Please Contact: 


Thomas C. Gettelfinger, M.D., Director, Memphis Eye Convention, 
6485 Poplar Avenue, Memphis, TN 38119, (901) 767-3937 


Registration Fee: $195.00 (prior to March 22, 1991) 














RISTIAN _OPHTHALMOLOC 
SOCIETY 





Fifteenth Annual Meeting 


JUNE 20-23, 1991 
CALLAWAY GARDENS, GEORGIA 





— Doctor - here is the meeting you have been waiting for! Where else can you go to experience 
a beautiful and scenic location - attend a meeting specifically aimed at your entire family with great _ 
_ facilities for spouses and children - meet with other ophthalmologists who love the Lord and who | 


a the Professional burnout now pulling you down - and still get to hear: 


John A. McCrary, MD - Neuroimaging 
_ Jj. Lawton Smith, MD - Ocular Spirochetal Advances 
= Robert L. Tomsak,MD - Controversies in Temporal Arteritis 
- Bradley K. Farris MD - Decisions in Neuro-ophthalmology 
Steven L. Galetta,MD - Neuro-ophthalmology of AIDS 
Robert Lingua, MD - Surgical Issues in Juvenile Cataract Surgery 
George Blankenship, MD - Current Status of Diabetic Retinopathy Management 
Kent Small, MD - Genetics Update in Ophthalmology 
J. James Rowsey, MD - Excimers - Exciting But Expensive 
Al Thomas, MD - Biblical Perspectives in Medical Practice 






- ther information, write: 


Charles L. Calhoun, MD 
PO Box 4276 
Columbus, Georgia 31995 





_ realize that our nation desperately needs a true revival - get your spiritual battery recharged from 


lus many other excellent speakers, testimonies, with wonderful music and knock-out food as well? : 
-There are even grants available for medical students, interns, residents, and fellows, medical — 
1issionaries, others in need - to help defray your expenses, so don’t stay away from this meeting | 
cause of your finances! Category 1 CME credit applied for. For details, copies of the program, and | 





(Continued from p 292.) 
Asst, 2545 Mosside Blvd, Monroeville, PA 15146; 
(412) 243-8845 


S CAROLINA 


South Carolina/North Carolina Soc of Ophthal- 
mol 1991 Ann Scientific Session At: Charles- 
ten Dates: 4/4/91 to 4/6/91 Hrs Instr: 7 Contact: 
Debbie Shealy, South Carolina Soe of Ophthal- 
mol, PO Box 11188, Columbia, SC 29211; (803) 
798-6207 


TENNESSEE 


Memphis Eye Convention & Univ of Tennessee 
20th Ann Ophthalmol Residents Day At: Mem- 
phis Dates: 4/13/91 to 4/14/01 Reg Fee: $195 
{before 3/22/91) Contact: Thomas C. Gettel- 
finger, MD, Dir, Memphis Eye Convention, 6485 
Poplar Ave, Memphis, TN 38119; (901) 767-3937 


TEXAS 


Saturday Sem Series: Eyelid and Conjunctival 
Tumors At: Dallas Date: 2/16/01 Hrs Instr: 4 
Reg Fee: $50 Contact: Eleanor J. Goldsmith, 
EdD, Educ Coord, Dept of Ophthalmol, UT 
Southwestern Med Ctr, 5323 Harry Hines Bivd, 
Dallas, TX 75235-9057; (214) 688-3848 


13th Ann Dallas Spring Ophthalmol Symp: La- 
sers in Ophthalmol: Theory and Workshops 
At: Dallas Dates: 4/5/91 to 4/6/91 Reg Fee: $400 
for physicians before 3/15/91; $450 for physicians 
after 3/15/91; $100, for residents & allied health 
care prof(s) Contact: Paula M. Hall, Prgm 

“oord, Office of CME, Presbyterian Healtheare 
Sys, 8160 Walnut Hill Lane, Dallas, TX 75231; 
(214) 891-2323 


Saturday Sem Series: Ptosis & Blepharoplasty 
At: Dallas Date: 5/4/91 Hrs Instr: 4 Reg Fee: $50 
Contact: Eleanor J. Goldsmith, EdD, Educ 





Coord, Dept of Ophthalmol, UT Southwestern 
Med Ctr, 5323 Harry Hines Blvd, Dallas, TX 
75235-9057; (214) 688-3848 


The Sixth Ann Cullen Course: Clin Adv in 
Ophthalmol for the Prac Ophthalmolegist At: 
Houston Dates: 3/15/91 to 3/17/91 Contact: Lila 
Lerner, Office of Cont Educ, Baylor College of 
Med, One Baylor Plaza, Houston, TE 77030; 
(713) 798-6026 


UTAH 


The Utah Ophthalmological Soc Anr Winter 
Mig At: Sait Lake City Dates: 2/19/91 ta 2/22/91 
Hrs instr: 15 Contact: Jeanne Crippen, Utah 
Ophthalmological Soc, 546 E Fifth St, Salt Lake 
City, UT 84102; (801) 355-7477 


VIRGINIA 


Ann Mtg, Virginia Soc of Ophthaimol At Reston 
Dates: 5/10/91 to 5/11/91 Contact: Donna Scott, 
4205 Dover Rd, Richmond, VA 23221; (804) 353- 
2721 


WASHINGTON 


Cornea Update for the Prac Ophthaimologist- 
1991 At: Seattle Date: 5/11/91 Hrs instr: 8 Reg 
Fee: $110 Contact: Linda Orgel, Virginia Mason 
Clin, D1-CME, Seattle, WA 98111; (296) 223- 
6898 


W VIRGINIA 


Second Ann Ophthalmol Alumni Weekend At: 

Morgantown Dates: 3/8/91 to 3/9/91 Contact: 
Patricia Schumann, Conf Coordinator, Dept of 
Ophthalmol, West Virginia Univ Health Sci 
Ctr N, Morgantown, WV 26506; (804) 298-3757 





44th Ann Nati Spring Mtg At: White Sulphur 
Springs Dates: 4/25/91 to 4/28/91 Contact: Patri- 
cia Schumann, Conf Coord, West Virginia Acad 
of Ophthalmol, PO Box 6302, WVU Health Sci 
Ctr, N, Morgantown, WV 26506; (904) 293-3757 


WISCONSIN 


Adv Vitreoretinal Symp At: Müwaukee Dates: 
7/25/91 to 7/27/91 Reg Fee: $400, by May 15; $450 
after May 15; $200, residents/fellows Contact: 
William F. Mieler, MD, Eye Inst/Med Coll of 
Wisconsin, 8700 W Wisconsin Ave, Milwaukee, 
WI 53226; (414) 257-5544 


FOREIGN 


Seventh Ann Winter Glaucoma Symp & Prac 

Mgmt Sem At: Grand Cayman, British West 
Indies Dates: 2/17/91 to 2/19/91 Hrs Instr: 12 
Reg Fee: $400 (before October 15); $450 (Octo- 
ber 15 and after) Contact: David Townsend, 
Assoc in Med Marketing Co Inc, 9 Pheasant 
Run Rd, Newton, PA 18940; (215) 860-9600 


Macular Disease in Gen Ophthalmol At: Mon- 
treal, Quebec, Canada Dates: 4/4/91 to 4/5/91 
Contact: Entretiens Ophthalmologiques de I'Un- 
iversite de Montreal, 2250 est Boul St-Joseph, 
Montreal, Quebec, Canada, H2H 1G3; (514) 525- 
6420 or (514) 525-3888 


17th Ann Mtg/The American Assn for Pediatric 
Ophthalmol & Strabismus At: Montreal, Que- 
bec, Canada Dates: 5/15/91 to 5/19/91 Contact: 
Tricia Stevens-Petras, 305 Twin Ridge Lane, 
Richmond, VA 23235; (804) 320-2833 


9th Internati Contact Lens & Anterior Segment 

Conf At: Toronta, Ontario, Canada Contact: 
Harold A. Stein, MD, 40 Prince Arthur Ave, 
Toronto, Ontario, Canada, M5R 1A9; (416) 966- 
3336 











BASIC SCIENCE COURSE 
m OPHTHALMOLOGY 


AT S TANF ORD July 1 through August 29, 199] 


nepa 


AWN prin SSL 
“antlan fC Vn 


Learn the fundamentals of ophthalmology, through intensive lecture and laboratory work, at beautiful 
Stanford University near San Francisco. Both American and foreign participants are welcome. 


Sections include Anatomy, Microbiology and External Diseases, Pathology, Retinal Physiology and 
Biochemistry, Embryology, Genetics, Motility, Glaucoma, Pharmacology, Neuro-ophthalmology, 
Fluorescein Angiography, Opticsand Theory of Refraction, and other important shorter subjects. 


Instructors include Doctors C. Beard, ]. Bettman, D. Char, C. Dawson, D. Demartini, R. Dryden, 
P. Egbert, J. Eliason, M. Fishman, A. Flach, D. Guyton, J. Hetherington, C. Hoyt, M. Marmor, 
G. Paris, H. Schatz, A. Scott, W. Scott, T. Shults, G. Smolin, W. Spencer, S. Williams and many 


other enthusiastic teachers on the faculty of 60. 


Sponsored by the Department of Ophthalmology, Stanford University Medical Center and presented 
in cooperation with the University of California, Davis; Pacific Presbyterian Medical Center; and the 
University of California, San Francisco. 


Tuition is $1750. Students may arrange to attend individual sections or divide the course between 


two years. For further information and application forms, please write to Basic Science Course; 
P.R. Egbert, M.D., Director; Department of Ophthalmology, A-157; Stanford Medical Center; 


Stanford, CA 94305-5308. 














The 50th Anniversary 
Wilmer Residents Association Meeting 


April 25, 26, 27, 1991 
(Thursday, Friday and Saturday) 


Special Guest Presenters: 
Edward W.D. Norton, M.D. & Anthony J. Bron, M.D. 


Clinical presentations with discussions on the following: 


e Anterior Segment e Cataract and Intraocular Lens 
e Cornea and External Disease e Epidemiology 

e Genetics ¢ Glaucoma 

e Laser (Diode, Excimer) e Neuro-ophthalmology 

e Oculoplastics, Pathology e Retina, Retinal Vascular, 

e Strabismus Macula 

e Uveitis e Vitreoretinal 


For further information: 
Jo Ann L. Young, coordinator 
The Wilmer Residents Association 
Wilmer 232 ¢ The Johns Hopkins Hospital 
600 North Wolfe Street Baltimore, Maryland 21205 
Telephone: 301-955-2830 
FAX: 301-955-0867 


Wilmer 


Ophthalmological Institute Approved for continuing medical education credits in category I 
at Johns Hopkins from The Johns Hopkins University School of Medicine. 





~_ ADVANCED 
VITREORETINAL 


SYMPOSIUM 





Ta 


M July 25—27, 1991 CENTER FOR CONTINUING 
EDICAL The Hyatt Regency MEDICAL EDUCATION PRESENTS 


COLLEGE Milwaukee, WI 34th ANNUAL POSTGRADUATE 
; OF WISCONSIN Course Director SYMPOSIUM IN OPHTHALMOLOGY: 


EYE INSTITUTE William F. Mieler, M.D., FACS CURRENT CONCEPTS IN 
Guest Faculty OCULAR INFLAMMATION 


Thomas Aaberg, M.D. Harry W. Flynn, M.D. 
Atlanta, GA Miami, FL MARCH 1-2, 1991 


George Blankenship, M.D. Brooks McCuen, M.D. HYATT ON CAPITOL SQUARE, COLUMBUS, OHIO 
Hershey, PA Durham, NC f 
"Stanley Chang, M.D. Michael T. Trese, M.D. Conference Topics Include: wae 

New York, NY Royal Oak, MI ® diagnosis, classification and approach to patients with ocular 

inflammation and uveitis 
® new ocular inflammatory diseases and syndromes 
@ surgical and visual rehabilitation of eyes with uveitis 











Relya Zivojnovié, M.D. 
Antwerp, Belgium 








Vireoretinal Faculty, The Medical College of Wisconsin peers 
aay wW. 3 oe ere D airs iS j er “i any D 11.25 hours in Category I of the Physician’s Recognition Award of 
7 omas C. Burton, M.D. illiam F. Mieler, M.D. the American Medical Association 
REGISTRATION LIMITED e CME Credits Available Fee: $200— Physicians 
: Early Registration (by 5/15/91)-$400 $100—non-OSU Hospital Trainees 
+o- Late Registration—$450 Residents/Fellows—$200 For a conference brochure or more information, please contact 


a: ; , 3 ss . The Ohio State University Center for Continuing Medical 
For further information, contact: William F. Mieler, M.D. einen " 
Eye Institute / Medical College of Wisconsin Education at (614) 292-4985 or 1-800-492-4445. 
Wisconsin Ave., Milwaukee, WI 53226. e (414) 257-5544 j 














The Osler Institute 
Ophthalmology Review Course 


April 12-17 — Chicago 


April 26-May 1 — Boston 
November 15-20, 1991 — St. Louis 


Now, your course for written and oral exams offers unlimited mock orals 
OBJECTIVES 


¢ Improve basic and clinical knowledge in ophthalmology 
¢ Assist residents and fellows to study efficiently 
* Prepare candidates to take their board examinations 





"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, 
not only from world-famous authorities but from people who are relatively unknown as weil."* 


Pupillomotor System 
Oculomotor System 


Ocular Surface 
External Disease 
Cornea 
Conjunctiva 
Sclera 


Name 
Address 
City/State/Zip 


Phone 


P.O. Box 2218 
Terre Haute, IN 47802 
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Mail today to: 


1094 Dawn Lane, Dept 102 


TOPICS 
Fundamentals Pediatric Eye 
Anatomy Congenital Disorders 
Biochemistry Genetic Disorders 
Physiology Strabismus 
Pharmacology Intraocular 
Anterior Segment Inflammation 
== Anterior Angle Uveal Tract 

Glaucoma Ocular Tumors 
Lens Orbit and Adnexa 
Trauma Orbit 

Optics and Refraction Eyelids 
Ophthalmic Optics Lacrimal System 
Refractive Errors Plastic Surgery 
Instruments Medical Problems 
Clinical Refraction Immunology 
Posterior Segment Endocrinology 
Retina Systemic Diseases 
Vitreous Emergencies 
Laser Surgery Ophthalmic Pathology 
Macula Adnexa and Orbit 
Vascular Disease External Eye 
Neuro-ophthalmology Anterior Segment 
Neuroanatomy Posterior Segment 
Optic Nerve 

Visual Pathways Alan Chow, M.D. 


Loyola Univ. of Chicago 
Arthur Cotliar, M.D. 
Columbia University 
Thomas Deutsch, M.D. 
Rush Medical College 


Robert Feder, M.D. 
Northwestern University 





METHODS 


e HOME STUDY assignments with questions and answers 
¢ SEMINAR with projection-slide lecture and syllabus 
¢ PRACTICE EXAMS with oral and written parts 


Richard Fiscella, Ph.D. 
Univ. of Illinois, Chicago 
Geoffrey Gladstone, M.D. 
William Beaumoat Hospital 
David Gorman, M.D. 
Lennox Hill Hospital 

Mark Greenwald, M.D. 
Northwestern University 
David Guyton, M.D. 

Johns Hopkins University 
David Heideman, M.D. 
William Beaumont Hospital 
Eric Mandel, M.D. 

Lennox Hill Hospital 

Joel Miller, M.D. 

Wayne State University 
Mark Moster, M.D. 
Temple University 

David Palmer, M.D. 

Rush Medical Cellege 


Rene Rodriguez-Sains, M.D. 


Manhattan Eye and Ear 
Mark Shapiro, M.D. 
Univ. of Illinois, Chicago 
Kenneth Simons, M.D. 


Medical College of Wisconsin 


Ira Solomon, M.D. 


Albert Einstein Sch. of Med. 


Michael Starr, M.D. 
Cornell University 
Thomas Stevens, M.D. 
University of Wisconsin 


Howard Tessler, M.D. 
Univ. of Hinois at Chicago 
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Limited Enrollment: OPHTHALMOLOGY REVIEW REGISTRATION 


For: [] April 12-17, 1991 — Chicago 
(J April 26-May 1, 1991 — Boston 


(J Nov. 15-20, 1991 — St. Louis 


(J Check is enclosed for $ 


[G Please send Free Sample 
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"Accommodations were comfortable...."* 


PROGRAM: The course is held the week 
before written and oral exams in the exam 
city. Course materials will include lec- 
tures and syllabus. Also, you may buy 
unlimited half-hour one-on-one mock 
oral exams. The optional extra days, May 
2 and November 21, include one mock 
oral exam and observation of seven or 
more hours of other exams. Past par- 
ticipants recommend taking the course 
well before your exam and repeating for 
half price the week before your exam. 


"remarkably complete and pleasant."* 
LOCATION: The Chicago course will be 
held at the Hilton Inn, 3003 Corporate 
West Drive, Lisle, Hlinois. 

"I feel [the course] helped me pass..."* 


LOWEST AIR FARES: Please call toll- 
free 1-800-548-8185 for group discounts. 


"the most education for the money..."* 


FEES AND COURSE HOURS: 
© Physician or Resident: Phy. Res. Hrs. 


® Six day course: $720 $480 60 

repeating within 2 years: $360 $360 60 
è Extra mock orals day: $150 $150 8 
è Mock oral exams: $70 $70 1/2 
© Private mock orals: $100 3100 1/2 


© Add 10% within 10 days of the course. 

è Attendees not in course hotel add $20/day. 

Fees do not include lodging or meals. 

e A deposit of $50 will reserve your position. 

è Most home study materials will be mailed 
after half of the registration fee is received. 


"home study material was extremely helpfil?”* 


REFUNDS: Subject to a $50 fee, refunds- - 
will be made up until the seminar begins. < 


e Cancellation after mailing home study. : : 
material requires retention of half the fee. 


INFORMATION: 
Josepk H: Selliken, Jr., M.D. 
The Osler Institute 
1094 Dawn Lane, P.O. Box 2218 
Terre Haute, IN 47802 
(800) 356-7537 or (812) 299-5658 


* Comments by past Osler participants 













CLASSIFIED 
INFORMATION 


Regular Classified 


1 Time 3 Times 

or more” 

Cost per word $1.05 $ 95 
“Minimum ad: 20 words. per issue 


*ivorder to earn the three-time rate, your ad must be placed 
and prepaid.at the same time for three or more issues. 


- Counting Words: Two initials are considered 
one word, each abbreviation is considered 
one word, and figures consisting of a dollar 

| “sign and five numerals or less are considered 

one word. Cities and states consisting of two 

words or more are counted as one word: i.e., 

“New York" and “Salt Lake City.” Zip code is 

considered one word and must appear in all 

ads. Telephone number with area code is 
considered one word. When box numbers are 

used for replies, the words “Box _....._, c/o 

AOP” are to be counted as three words. 





‘Classified Display 1Time 3 Times 
“Full page $655 $603 
© Two-thirds page 561 516 
‘One-half page 495 456 
One-third page 393 362 
‘)-One-sixth page 262 241 
Column inch 90 75 





[o Minimum display ad: one column inch 
12-time and 24-time rates available on request. 


~Display Production Charge: The publication 
“1 WHE pub-set advertisements upon request. 
The typesetting fee is 10% of the one-time ad 
cost shown above. Special requests will be 
billed to the advertiser and/or agency at the 
then prevailing rates. 














Box Service 

Available for all ads. The cost is $15.00 for the 
‘irst issue only. Responses to your ad will be 
onsolidated in our office and promptly 
mailed directly to you. 


‘Closing Date 

The 25th of the second month prior to issue 
date. Example: The November issue closes 
September 25th. No ads can be cancelled 
-after. the closing date. 


Send all copy, correspondence, production 
materiais and payments to: 


archives of 


Ophthalmology 


; Classified Department 
PO. -Box 1510, Clearwater, Florida 34617 


assistance with your ad schedule call toll free: 
800-237-9851 O 813-443-7666 











Classified Advertising 
All classified advertising orders, correspondence ar.d payments should be directed to: Archives of Ophthalmology, P.O. Box 1510, 
Clearwater, Florida 34617. Our telephone numbers are: 800-237-9851, 813-443-7666. Please do not send classified ads, payments or 
related correspondence to the AMA headquarters in Chicago. This causes neediess delay. 

Inquiries about “BOX NUMBER” advertisements: All replies must be in writing and must cite the box number in the ad. Example: 


Box _.._, c/o AOP, P.O. Box 1510, Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish their 
mail sent in care of Archives of Ophthalmology. 











CORNEA: Cornea group seeks associate for high 
volume surgical practice. limited to cornea and 
external disease: fellowship required. Contact: 
Theodore Peri, MD, Corneal Associates of New Jer- 
sey, (201) 736-1313. 


MICHIGAN — OPHTHALMOLOGIST with plastics 
training needed for unique opportunity. Excellent 
starting salary with fuli partnership potential. Please 
respond to: Box #633, c/o AOP. 


CORNEAL 


CONSULTANTS 
OF INDIANA 


GLAUCOMA SUBSPECIALIST 

Busy referral subspecialty practice seeks full-time 
glaucoma subspecialist. Applicant must be fellow- 
ship trained, board-certified or board-eligible. 
Responsibilities will include clinical research. All 
qualified applicants please contact: Anna Settle. 

CORNEAL CONSULTANTS OF INDIANA 

9002 North Meridian Street, Suite 100 
indianapolis, IN 46260 











SOLO PRACTICE— General ophthalmology. Profit- 
able high per capita income west Texas. Modern 
office equipment, minor operating suite, microscope, 
ultra sound, micro surgical instruments. Two hospi- 
tals. good schools, college and university. High 
practice expansion potential in pediatrics and 
surgery. Box #635, c/o AOP. 


CORNEA OR GLAUCOMA— Excellent opportunity 
for subspecialist to join dynamic high-volume 
medical/surgical practice in Pittsburgh, Pennsy!- 
vania. Several offices with extensive in-house 
equipment, including lasers. Outstanding referral 
base. Attractive salary. Partnership potential. Fel- 
lowship training in cornea or glaucoma desirable. 
Contact: Kelly McMahon, Daniel Stern and Associ- 
ates. Suite 240, 211 North Whitfield Street, Pitts- 
burgh, PA 15206. (800) 438-2476 or (412) 363-9700. 








FLORIDA — RETINAL SPECIALIST: BC/BE indi- 
vidual to take over medical and surgical care of 
retinal segment of prestigious five person compre- 
hensive ophthalmology practice in Tampa. This 28 
year-old practice is state-of-the-art with new build- 
ing and ASC including Argon, Krypton, and YAG 
lasers, and computerized FA equipment. Excellent 
opportunity for right person. Send CV to: Adminis- 
trator, Tampa Eye Clinic, 3000 West Buffalo Avenue, 
Tampa, FL 33607. 


OPHTHALMOLOGIST TO JOIN busy fully estab- 
lished two-ophthalmologist, two-optometrist prac- 
tice in Glens Falls, New York. Fully equipped mod- 
ern office and excellent hospital, OPD surgical 
facility, cultural and recreational opportunities 
unsurpassed — New York City 4 hours, Montreal 3 
hours, Saratoga 20 minutes, Lake George 10 min- 
utes. Practice is very busy, two years association 
leading to full participation/ownership. Contact: 
Roger Brassel, MD, Dennis Picano, MD, Glens Falis 
Eye Associates, PC, 382 Bay Road, Glens Falls, NY 
12804, (518) 793-3276. CV and references. We are 
anxious Í for a third person. 





VITREO-RETINAL SURGEON needed tojoin active 
private practice group including two retina special- 
ists. Ideal New England community. Large teaching 
hospital nearby. Send letter and CV to: Frederick 
Miller, MD, Maine Eye Center, 15 Lowell Street, Port- 


land; ME 04102. 













NEW YORK, SARATOGA SPRINGS. Weil estab- 
lished solo ophthaimologist seeks ethical and 
personable BC/BE general ophthalmologist to join 
growing practice in cosmopolitan Saratoga Springs 
in upstate New York. Interests in anterior segment, 
glaucoma, pediatrics and plastics are desirable but 
not mandatory. Enjoy working in bright, spacious, 
well equipped, new office with four modern exam 
rooms. Equipment includes Argon/YAG lasers, A 
and B scan ultrasound, autorefractor, Humphrey 
field analyzer, and photographic equipment. Out- 
patient surgery and ER facility at hospital (across 
the street). Competitive salary guarantee plus 
incentives and excellent benefit package. Located 
three hours from New York City, Montreal and Bos- 
ton, and a half hour from Albany, Saratoga is a 
historic, close-knit community with lovely neigh- 
borhoods, fine restaurants, specialty shops and 
entertainment including thoroughbred racing and 
the Saratoga Performing Arts Center. Proximity 
to Lake Placid, the Adirondacks and the Green 
Mountains of Vermont is ideal for skiers and outdoor 
enthusiasts. Please forward CV to: Thomas Fran- 
comano, MD, c/o Denise Romand, Medical Staff 
Recruiter, Saratoga Hospital, 211 Church Street, 
Saratoga Springs, NY 12866. For more information 
call the recruitment office at: (518) 583-8465 (days), 
or (518) 583-3120 (evenings). 


MAINE — Exceptional opportunity for 8C/BE oph- 
thaimologist to join established ophthalmology 
practice in beautiful northern New England. Refer- 
ral base 400,000 with 120,000 in immediate area. 
Wide ranging cultural, academic and recreational 
opportunities. Modern, well equipped office adjoin- 
ing growing medical center with extensive diagnos- 
tic and laboratory services. Association with oppor- 
tunity for partnership. Send CV to: Jean H. Tibbetts, 
MD, Suite 230, 417 State Street, Bangor, ME 04401. 








BC/BE RETINAL SPECIALIST 


Seeking ophthalmologist with subspecialty in vit- 
reous and retinal surgery to join busy departmentina 
72-doctor multi-specialty group practice. Excellent 
practice opportunity in Ohio River city of 135,000 with 


referral area of 300.000. Very competitive compen- 
sation and benefit package. Superb educational, cul- 
tural and recreational activities. Send CV to: R. Denny 
Currier, Administrator, Welborn Clinic, 421 Chestnut 
Street, Evansville, IN 47713. 


BC/BE OPTHALMOLOGIST to join expanding, 
high volume, nine-member muiti-specialty group. 
Subregional medical campus being developed. 
Excellent opportunity plus attractive financial 
package. Located in east-central Montana along 
the Yellowstone River. Big Sky Country, great out- 
doors living. Good schools, a beautiful place to 
raise a family. Send CV to: Administrator, Garber- 
son Clinic, 2200 Box « Elder, Miles City. MT 59301. 








OPHTHALMOLOGIST —WASHINGTON. The 
Moses Lake Clinic, a multi-specialty group of thir- 
teen physicians, seeks a BC/BE ophthalmologist. 
Guaranteed salary and partnership track available. 
Exceilent benefit package. Abundant four-season 
recreational opportunities. Contact: R. Bennion, 
MD. Moses Lake Clinic, 840 Hill Avenue, Moses 
Lake, WA 98837. 





VITREO- RETINAL SURGEON: Florida practice 
limited to vitreoretinal surgery seeks additional 
associate. Feliowship and board-certification 
required. Competitive salary and bonus incentive 
with buy-in leading to partnership. Send CV to: Box 
#638, c/o AOP. 











PLEASE NOTE—Address replies to box number 
ads as follows: Box number, ._.___., c/o AOP, 
P.O. Box 1510, Clearwater, FL 34617. 
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Retinal-Vitreous 
Surgeon 


UIC EYE CENTER 
is seeking candidates for a full- 
time faculty position. 


Duties and responsibilities wili 
include patient care, teaching, 
research, and administration. 
Candidates must have a 
medical degree, board-certified 
or -eligible in ophthalmology, 
and at least one year of post- 
residency training in 
retinal/vitreous surgery. 


Anticipated starting date 
is May 1, 1991. In order to 
receive full consideration, 
applications should be 
received by March 1, 1991. 


Salary and rank commensurate 
with training and experience. 
Send CV to: 


John W. Chandler, MD 
Professor and Head 


UIC Eye Center (m/c648) 
1855 West Taylor 
Chicago, IL 60612 

The UIC is an AA/EOE. 


GLAUCOMA 


Full-time position for a glaucoma 
specialist, including patient care, 
surgery, research, and teaching 
assignments. 


Candidates must have a medical 
degree with specialty in 
ophthalmology and board-certified 
or -eligible, and at least one year 
of subspecialty training in 
glaucoma. The individual will be 
expected to participate in NIH and 
pharmaceutical company 
supported clinical trials. 


Salary and rank commensurate 
with training and experience. 
Starting date will be May 1, 1991. 


Please forward letters of 
application and CV to: 


Jacob T. Wilensky, MD 
Department of 
Ophthalmology-Glaucoma 
UIC EYE CENTER (m/c648}) 
1855 West Taylor 

Chicago, IL 60612 


in order to receive full 
consideration, applicants should 
apply by March 1, 1991. 


The UIC is an AA/EOE. 




















































CORNEAL 


CONSULTANTS 
OF INDIANA 


MEDICAL OR NON-SURGICAL 
CORNEA AND EXTERNAL DISEASE SPECIALIST 


Must enjoy ophthalmology and caring for 
patients. Stimulating private practice environ- 
ment with large commitment to clinical research. 
Flexible work schedule and benefits. All qualified 
applicants please contact: Anna Settle, Corneal 
Consultants of Indiana, 9002 North Meridian 
Street, Suite 100, Indianapolis. IN 46260. 








PEDIATRIC OPHTHALMOLOGIST, generai oph- 
thalmologist — Minneapolis/St. Pauk Two BC/BE 
physicians to join staff of nine ophthaimologists in 
one of the oldest pre-paid. multi-speciaity group 
practices in the midwest. Superb compensation 
package with an extremely stimulating practice 
environment. Please send curriculum vitae to: Phy- 
sician Services, Group Health, inc., 2829 University 
Avenue Southeast, Minneapolis, MN 55414. 


SOUTHERN CALIFORNIA 


Exceptional opportunity to join, by earn-in 
purchase, busy and growing Riverside County 
practice located one hour from Los Angeles. 


This modern, state-of-the-art equipped office 
with its friendly and cohesive staff is consi- 
dered the premier practice within the family 
and retirement oriented community. The 





excellent year round weather and strong 
economy assure good surgical, medical 
volume and profit. 

For further information 


Roy D. Sutton, Hl 


XELAN, INC. 
5250 West Century Boulevard, Suite 456 
Los Angeles, CA 90045 © (213) 216-2500 





PITTSBURGH — Established, four-person, special- 
ty ophthalmology group seeks personable, well- 
trained general ophthalmologist. No primary care. 
Very active surgical service. Fully equipped. multi- 
office practice. Excellent salary and benefits pack- 
age. Flexible work environment. Convenient to 
affordable housing and excellent schools in one of 
America’s “Most Livable Cities”. Send CV to: Box 
#639, c/o AOP. 






Positions 


MIDWEST RETINA PRACTICE in major metropoli- 
tan area seeks another associate. Excellent facilities 
with academic affiliation. Send resume in confi- 
dence to: Box #637, c/o AOP. 








WANTED — VA Chief of Ophthalmofogy, Assistant 
or Associate Professor. General ophthalmology 
skills with subspecialty training. Time available for 
practice and/or research. Salary depending on 
experience. Contact: John Hoepner, MD, Chairman, 
Ophthalmology, SUNY Health Science Center, Syr- 
acuse, NY 13210. 































Assistant/ Associate 
Professor 
(Two Positions) 





Facuty position(s) for 
residency education, primary 
ophthalmology care 
and clinical research. 


Candidates must have a medical 
degree with specialty in 
ophthalmology and board- 
certified or ~eligible. Salary 
and rank commensurate with 
training and experience. Starting 
date is April 1, 1991. 


Please forward letters of 
applications and CV to: 


John W. Chandler, MD 
Professor and Head 
UIC Eye Center (m/c648) 
1855 West Taylor 
Chicago, IL 60612 
in order to receive full 
consideration, applicants should 
apply by March 1, 1991. 


The UIC is an AA/EOE. 





















FOREIGN MEDICAL GRADUATE: Trained at top 
UK hospitais. Excellent CV, six years experience in 
all surgical specialties in Ophthaimology. Wide sur- 
gical experience. Have ECFMG, green card hoider, 
seeks residency or other appropriate position, ref- 
erences available. Box #640, c/o AOP. 

















PLEASE NOTE— Address replies tc box number 
ads as follows: Box number, , c/o AOP, 
P.O. Box 1510, Clearwater, FL 34647. 















Marshfield Clinic, a large mul- 
tispecialty group practice, is 
seeking a General Ophthalmol- 
ogist for a satellite practice op- 
portunity in Central Wisconsin. 














This opportunity provides. com- 
plete practice set-up, support 
staff, established billing practices, 
and security in salary and bene- 
fits by being associated with a 
large dynamic group practice. 










Set in a scenic small city near our 
main facility, this opportunity af- 
fords easy access to a wide vari- 
ety of outdoor recreational 
activities, with freeway access 
less than 25 miles away. 


















For more information, contact 
Dr. Thomas Stram, Marsh- -: 
field Clinic, 1000. North Oak 
Avenue, Marshfield, WI 
54449 or call (715) 387-5236. 














Marshfield Cinic 












oe THE UNIVERSITY OF 
ARIZONA 
-Department of Ophthalmology 


is- recruiting for a full-time faculty member 
with strong interest in academic ophthalmol- 

ogy. Responsibilities will include resident 
training and patient care with opportunity for 
research. 




















GLAUCOMA SPECIALIST 


Ophthalmologist with subspecialty training in glaucoma is sought for fuil-time 
position in the Department of Ophthalmology, North Shore University Hospital- 
Cornell University Medical College in Manhasset, New York. 


Candidates must posses board-certification 
or -eligibility and be eligible for licensure in 
Arizona. 


Subspecialty training in pediatric ophthal- 
mology, ocular pathology or other fellowship 
training with an interest in comprehensive 
ophthalmology is preferred. 


Applicant requirements include completion of approved Ophthalmology 
residency, completion of appropriate fellowship, Board certification or eligibility, 
and the qualifications necessary to secure a New York State License. 


Academic rank is based on experience and 
“may range from assistant professor to full pro- 
“fessor. The University offers an excellent 

benefit and compensation package. Tucson is 
-» @growing sunbelt city renowned for its pleas- 
4-ant climate, cultural diversity and spectacular 
bo desert scenery. 


Qualified candidates should forward a letter of 
interest and current curriculum vitae to: 


Robert W. Snyder, MD, PhD 
Search Committee Chairman 
Department of Ophthalmology 
University of Arizona 

Health Sciences Center 
Tucson, Arizona 85724 


Duties will include teaching residents, patient care, and research. Academic rank 
and salary will be commensurate with experience, 


Position available July 1, 1997. 


Contact: Samuel Packer, M.D., Professor and Chairman, Department of 
Ophthalmology, c/o Patricia Gutterman, North Shore University Hospital-Cornell 
University Medical College, 300 Community Drive, Manhasset, NY 11030. An 
Equal Opportunity Employer M/F/H/V. 












NORTH SHORE 
UNIVERSITY HOSPITAL — 


CORNELL UNIVERSITY 
MEDICAL COLLEGE 


Review of applications will begin January 1, 
1991 and will continue until position is filled. 


The University of Arizona is an equal opportu- 
nity/affirmative action employer. Women and 
minorities are urged to apply. 





ASSISTANT PROFESSOR: The Ohio State Univer- "4° : 
"sity Department of Ophthalmology — MD or DO who Positions Available 

has completed glaucoma fellowship training. Will be ; 
-responsible for conducting research, teaching and 
patient care. -Board-certified or board-eligible. 
Salary: $40,000. Application deadline is Aprit 15, 


1991. Must be able to begin July 1, 1991. Applications ` ITRE ORE TINAL 


should be mailed to: Maureen A. Meck, Department 
of Ophthaimology, The Ohio State University, 5024B 
University Hospitals Clinic, 456 West Tenth Avenue, 
Columbus, OH 43210-1228. An equal opportuni- 
ty/affirmative action employer. 





FELLOWSHIP 


Beginning July 1, 1991 
and January 1, 1992 













‘NEURO-OPHTHALMOLOGY FELLOWSHIP avail- 
“sable for 1991-92, beginning July 1, 1991. Salary and 
benefits paid. Qualified candidates should respond 
rise current CV to: B.K. Farris, MD, Dean A. McGee 
ye Institute, University of Oklahoma HSC, Depart- i 

ment of Ophthalmology, P.O. Box 26901, Oklahoma Training program from 12 to 24 months. 

City, OK 73190-2008. Includes extensive experience with medical and 
surgical diseases, clinical research and oppor- 


tunities for basic research. 












SPECIAL: AO GIANTSCOPE corded with trans- 
former: $595. Topcon LMP.5: $795. HO 12603 Lens- 
ometer: $995. M603B Lensometer. $695. Model 70- Respond to: 
1 B-&LVertometer: $1,450. All above reconditioned 

-and warrantied. Belrose Refracting Equipment 
Company, 3734 Oakton Street, Skokie, IL 60076. 
(708) 675-2300. 





James E. Puklin, MD 
Miscellaneo: KRESGE EYE INSTITUTE 
MARKETING CATARACT ee RK surgery — Our WAYN E STATE UNIVERSITY 


eyecare television programs are generating hun- ; 
dreds of patient appointments in cities across the 47 17 St. Antoine 


country. The half-hour programs are educational i ; 3 

and oot bx air on network, cable, or independ- Detroit, Michigan 48201 
‘ent stations. Each program is customized featuring as 

ou and your practice. For a demo tape call: Michele 3 l 3 ) 5 17 l 3 5 4 


arrere; DeCorte Productions, 3229 8th Street, 
jetaire, LA 70002. (504) 833-2815. 



























NEW OPTI-FREE* DAILY CLEANER 
REMOVES BOUND DEPOSITS. 
THE MICROORGANISMS T 

CAN THRIVE IN THEM. 


@ Its powerful MICROCLENS™ beads 
shear away stubborn deposits other 
daily cleaners may leave behind 
E Powerful OPTI-FREE Daily 

Cleaner even cleans away 99 
Acanthamoeba.* 
E Yet OPTI-FREE Da 
is safe for all soft lens 
most sensitive eyes. 





























" Laboratory data 
€ 1990 ALCON LABORATORIES, INC., PO. BOX 6800, FT. WORTH, TX 





The AMA. 
“The AMA has never 
lost sight of what I think 
its primary goal is: to 
improve the public health. 
And the AMA has played a 
leading role in issues such 
as smoking and drug abuse.” 
Join Dr. Charles H. 
Epps, Jr., Dean of Howard 
University College of 
Medicine, in the American 
Medical Association. Call 
this toll-free number now. 


1800-AMA3211 


M 








American 


Medical 
Lo Association 






Polytrim® Ophthalmic Solution Sterile 
(trimethoprim sulfate and polymyxin B sulfate) 





INDICATIONS AND USAGE: Polytrim Ophthalmic Solution is 
indicated in the treatment of surface ocular bacterial infections, 
including acute bacterial conjunctivitis, and blepharoconjunc- 
tivitis, caused by susceptible strains of the following microor- 
ganisms: Staphylococcus aureus, Staphylococcus epidermidis, 
Streptococcus pneumoniae, Streptococcus viridans, Haemophilus 
influenzae and Pseudomonas aeruginosa? * Efficacy for this or- 
ganism in this organ system was studied in fewer than 10 infec- 
tions. CONTRAINDICATIONS: Polytrim Ophthalmic Solution is 
contraindicated in patients with known hypersensitivity to any 
of its components. WARNINGS: NOT FOR INJECTION INTO THE 
EYE. If a sensitivity reaction to Polytrim occurs, discontinue use. 
Polytrim Ophthalmic Solution is not indicated for the prophylaxis 
or treatment of ophthalmia neonatorum. PRECAUTIONS: 
General: As with other antimicrobial preparations, prolonged 
use may result in overgrowth of nonsusceptible organisms, 
including fungi. If superinfection occurs, appropriate therapy.. 


should be initiated. Information for Patients: Avoid contam- © 


inating the applicator tip with material from the eye, fingers, or 
other source. This precaution is necessary if the sterility of the 
drops is to be maintained. If redness, irritation, swelling or pain 
persists or increases, discontinue use immediately and contact 
your physician. Carcinogenesis, Mutagenesis, Impairment of 
Fertility: Carcinogenesis: Long-term studies in animals to 
evaluate carcinogenic potential have not been conducted with 
polymyxin B sulfate or trimethoprim. Mutagenesis: Trimetho- 
prim was demonstrated to be non-mutagenic in the Ames assay; 


In studies at two laboratories no chromosomal damage was | 


detected in cultured Chinese hamster ovary cells at concentra- 
tions approximately 500 times human plasma levels after-oral 
administration; at concentrations approximately 1000 times 
human plasma levels after oral administration in these same cells 
a low level of chromosomal damage was induced at one of the 
laboratories. Studies to evaluate mutagenic potential have not 
been conducted with polymyxin B sulfate. Impairment of Fer- 
tility: Polymyxin B sulfate has been reported to impair the 
motility of equine sperm, but its effects on male or female fertility 
are unknown. No adverse effects on fertility or general reproduc- 
tive performance were observed in rats given trimethoprim in 
oral dosages as high as 70 mg/kg/day for males and 14 mg/kg/day 
for females. Pregnancy: Teratogenic Effects: Pregnancy 
Category C. Animal reproduction studies have not been 
conducted with polymyxin B sulfate. It is not known whether 
polymyxin B sulfate can cause fetal harm when administered to 
a pregnant woman or can affect reproduction capacity. Trimetho- 
prim has been shown to be teratogenic in the rat when given in 
oral doses 40 times the human dose. In some rabbit studies, the 
overall increase in fetal loss (dead and resorbed and malformed 
conceptuses) was associated with oral doses 6 times the human 
therapeutic dose. While there are no large well-controlled studies 
on the use of trimethoprim in pregnant women, Brumfitt and Pur- 
sell, in a retrospective study, reported the outcome of 186 preg- 
nancies during which the mother received either placebo or oral 
trimethoprim in combination with sulfamethoxazole. The inci- 
dence of congenital abnormalities was 4.5% (3 of 66) in those who 
received placebo and 3.3% (4 of 120) in those receiving trimetho- 
prim and sulfamethoxazole. There were no abnormalities in the 
10 children whose mothers received the drug during the first 
trimester. In a separate survey, Brumfitt and Pursell also found 
no congenital abnormalities in 35 children whose mothers had 
received oral trimethoprim and sulfamethoxazole at the time of 
conception or shortly thereafter. Because trimethoprim may 
interfere with folic acid metabolism, trimethoprim should be used 
during pregnancy only if the potential benefit justifies the poten- 
tial risk to the fetus. Nonteratogenic Effects: The oral adminis- 
tration of trimethoprim to rats at a dose of 70 mg/kg/day com- 
mencing with the last third of gestation and continuing through 
parturition and lactation caused no deleterious effects on gesta- 
tion or pup growth and survival. Pediatrie Use: Safety and 
effectiveness in children below the age of 2 months have not been 
established (see WARNINGS). ADVERSE REACTIONS: The most 
frequent adverse reaction to Polytrim Ophthalmic Solution is local 
irritation consisting of transient burning or stinging, itching or 
increased redness on instillation. These reactions occur in less 
than 4 of 100 patients treated. Polytrim has a low incidence of 
hypersensitivity reactions (less than 2 of 100 patients treated) 
consisting of lid edema, itching, increased redness, tearing and/or 
cireumocular rash. Although sensitivity reactions to trimethoprim 
are rare, an isolated incident of photosensitivity was reported 
in a patient who received the drug orally. 
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The eyes 
can be 
windows 
to a lot 
more than 
the soul. 


Some of the most poetic 
passages throughout history 
have been written about 
the eyes. 

But this isn’t one of them. 


Ocular beta blockers can 
affect more than the eyes. 


Unfortunate, but true. 
Minutes after a single dose of 
an ocular beta blocker, the 
drug is detectable in the 
plasma of most individuals.’ 
That's important when you 


consider that most glaucoma — 100 


-patients are elderly. With age 
comes a normal decline in 
physiologic function and 
increased susceptibility to 
systemic disease? And 
concomitant systemic 


medication increases the 


likelihood of adverse drug 
reactions? 
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BETOPTIC® S {betaxolol HCI) 0.25% as base Sterile Ophthalmic Suspension 


DESCRIPTION: BETOPTIC S Ophthalmic Suspension 0.25% contains betaxolo! hydrochloride, a 
cardio-selective beta-adrenergic receptor blocking agent, in a sterile resin suspension formulation. 
INDICATIONS AND USAGE: BETOPTIC S Ophthaimic Suspension 0.25% has been shown to be 
effective in lowering intraocular pressure and may be used in patients with chronic open-angle 
glaucoma and ocular hypertension. It may be used alone or in combination with other intraocular 
pressure lowering medications. 
CONTRAINDICATIONS: Hypersensitivity to any component of this product. BETOPTIC S Ophthalmic 
Suspension 0.25% is contraindicated in patients with sinus bradycardia, greater than a first degree 
atrioventricular block, cardiogenic shock, or patients with overt cardiac failure. 
~- WARNING: Topically appliedqagimienergic blocking agents may be absorbed systemically. The 
“gare adverse reactions found with systemic administration of beta-adrenergic blocking agents may 
occur with topical administration. For example, severe respiratory reactions and cardiac reactions, 
including death due to bronchospasm in patients with asthma, and rarely death in association with 
diac failure, have been reported with topical application of beta-adrenergic blocking agents. 
ETOPTIC S Ophthalmic Suspension 0.25% has been shown to have a minor effect on heart rate and 
blood pressure in clinical studies. Caution should be used in treating patients with a history of cardiac 
ailure-or heart biock. Treatment with BETOPTIC S Ophthalmic Suspension 0.25% should be 
discontinued at.the first signs of cardiac failure. 
PRECAUTIONS: General: Diabetes Mellitus. Beta-adrenergic blocking agents should be administered 
with caution in patients subject to ‘Spontaneous hypoglycemia or to diabetic patients (especially those 
with labile diabetes} who are receiving insulin or oral hypoglycemic agents. Beta-adrenergic receptor 
locking agents may mask. the signs.and symptoms of acute hypoglycemia. Thyrotoxicosis. Beta- 
adrenergic blocking agents may mask certain clinical signs (e.g.. tachycardia) of hyperthyroidism. 
Patients suspected of developing thyrotoxicosis should be managed carefully to avoid abrupt 
withdrawal-of beta-adrenergic blocking agents, which might precipitate a thyroid storm. 
Muscie Weakness. Beta-adrenergic blockade has been reported to potentiate muscle weakness 
consistent with certain myasthenic symptoms (e.g.. diplopia, ptosis and generalized weakness). 
Major Surgery. Consideration should be given to the gradual withdrawal of beta-adrenergic blocking 
agents -prior to general anesthesia because of the reduced ability of the heart to respond to beta- 
adrenergically mediated sympathetic reflex stimuli. Pulmonary. Caution should be exercised in the 
‘eatment of glaucoma patients with excessive restriction of pulmonary function. There have been 
reports of asthmatic attacks and puimonary distress during betaxolol treatment. Although 
---rechalienges of some such patients with ophthalmic betaxolo! has not adversely affected pulmonary 
© function test results, the possibility of adverse pulmonary effects in patients sensitive to beta blockers 
cannot be ruled out. Drug interactions: Patients who are receiving a beta-adrenergic blocking agent 
ofally-and BETOPTIC $ Ophthalmic Suspension 0.25% should be observed for a potential additive 
effect either.on the intraocular pressure or on the known systemic effects of beta blockade. Close 
observation of the patient is recommended when a beta blocker is administered to patients receiving 
catecholamine-depleting drugs such as reserpine, because of possible additive effects and the 
"Production of hypotension and/or bradycardia. Betaxolol is an adrenergic blocking agent; therefore, 
caution should be exercised in patients using concomitant adrenergic psychotropic drugs. Ocular: in 
patients. with angle-tlosure giaucoma, the immediate treatment objective is to reopen the angie by 
constriction. of the pupil with a miotic agent. Betaxolot has little or no effect on the pupil. When 
ETOPTIC S Ophthalmic Suspension 0.25% is used to reduce elevated intraocular pressure in angie- 
sure glaucoma, it should be used with a miotic and not alone. Carcinogenesis, Mutagenesis, 
impairment-of Fertility: Lifetime studies with betaxolol HCI have been completed in mice at oral 
doses of 6, 20:or 60 mg/kg/day and in rats at 3, 12 or 48 mg/kg/day; betaxolo! HC! demonstrated no 
carcinogenic effect. Higher dose levels were not tested. in a variety of in vitro and in vive bacterial and 
mammalian cell assays, betaxolol HCI was nonmutagenic. Pregnancy: Pregnancy Category C. 
Reproduction, teratology, and peri- and postnatal studies have been conducted with orally 
~ administered betaxolo! HCI in rats and rabbits. There was evidence of drug related postimplantation 
loss in rabbits and rats at dose levels above 12 mg/kg and 128 mg/kg, respectively. Betaxolol HCI was 
not shown to be teratogenic, however, and there were no other adverse effects on reproduction at 
btoxic dose levels. There are no adequate and well-controlled studies in pregnant women. 
ETOPTIC S should be used daring pregnancy only if the potential benefit justifies the potential risk to 
the fetus. Nursing Mothers: it is not known whether betaxolol HC! is excreted in human milk. Because 
many. drugs are excreted in human milk, caution should be exercised when BETOPTIC S Ophthalmic 
Suspension 0.25% is administered to nursing women. Pediatric Use: Safety and effectiveness in 
ochildren have not been established. 
ADVERSE REACTIONS: Ocular: in clinical trials, the most frequent event associated with the use of 
BETOPTIC S Ophthalmic Suspension 0.25% has been transient ocular discomfort. The following other 
conditions have been reported in small numbers of patients: blurred vision, corneal punctate keratitis, 
= foreign:body sensation, photophobia, tearing, itching, dryness of eyes, erythema, inflammation, 
discharge, ocular pain, decreased visual acuity and crusty lashes. Additional medical events reported 
< with other formulations of betaxoio! include allergic reactions, decreased corneal sensitivity, edema 
and anisdcoria. Systemie: Systemic reactions following administration of BETOPTIC S Ophthalmic. 
Suspension. 0.25% or BETOPTIC Ophthalmic Solution 0.5% have been rarely reported. These include: 
Cardiovascular: Bradycardia, heart block and congestive failure. Pulmonary: Pulmonary distress 
characterized by dyspnea, bronchospasm, thickened bronchial secretions, asthma and respiratory 
failure. Central Nervous System: Insomnia, dizziness, vertigo, headaches, depression, and lethargy. 
Other: Hives, toxic epidermal necrolysis, hair loss, and glossitis. 
OVERDOSAGE: No. information is available on overdosage of humans. The oral LD50 of the drug 
ranged from. 350-920 mg/kg in mice and 860-1050 mg/kg in rats. The symptoms which might be 
ected with an overdose of a systemically administered beta-1-adrenergic receptor blocking agent 
re bradycardia, hypotension and acute cardiac failure. A topical overdose of BETOPTIC S Ophthalmic 
uspension 0.25% may be flushed from the eyes} with warm tap water. 
CAUTION: Federal (USA) Law Prohibits Dispensing Without a Prescription. 
Patent Nos. 4,252,984; 4,311,708; 4,342,783;4,911,920. 
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“The AMA is an organization that is 
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life as a physician, from education to tort 
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ing role in issues such as smoking and 
drug abuse. 
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the public health. And they do that in 
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the public. 

“I think that doctors who don’t belong 
don’t realize it, but they benefit every day 
from actions that the AMA is taking.” 

Join Dr. Charles H. Epps, Jr, Dean of 
Howard University College of Medicine, in 
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single view including both the 
macular and peripheral retinal 
regions. An excellent lens for 
pan retinal photocoagulation 
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for smaller pupil fundus examination. 
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fd recommend itto any doctor for its ease of use, 
size and patient's acceptance. 


1-Small With its unique direct projection system, the 
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_ have been reported infrequently. Epinephrine therapy can 
-lead to adrenochrome deposits i in the conjunctiva and 
cornea. 
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To ‘Phaco’ or Not? 


To the Editor. —The phacoemulsification procedure has 

_.. been available for cataract surgery in this country for 

7 nearly 20 years. During this time there have been several 

- wayes of popularity for the procedure. At present, we seem 

“to be riding the crest of another of these waves, or so we are 

told. 

=. There have been major developments in equipment, 

: Instrumentation, and pharmaceutical agents intended to 

-improve the outcome and ease of performance of this pro- 

: cedure. In addition, the procedure itself has been modified 

numerous times. Intraocular lenses have also been modified 

“into oval shapes that will slip through a smaller incision. 

Foldable lenses of soft materials are also available to slip 

through a phaco incision. Many courses are taught by the 

masters throughout the United States on conversion to 

phaco. In addition, on at least a weekly basis, we receive 

slick throwaway tabloids containing information on surgi- 

==- eal procedures, instrumentation, and intraocular lenses, 
r < many of which pertain to phacoemulsification. 

|. After 20 years, what has been the result of all of these 

-< factors, including the millions of dollars spent on promo- 

_- cton? Currently, phacoemulsification is the procedure of 

-choice for 25% to 30% of the ophthalmic surgeons in the 

- United States. Extracapsular cataract surgery, intraocular 

. lens implantation, and argon trabeculoplasty have all 

-o gained almost universal acceptance among ophthalmic 
surgeons in a much shorter period. What is the reason for 
this discrepancy in acceptance? Could it be related to the 
difficulty in performing the procedure, the complication 
rate, or the overall surgical success rate? We do not have an 
answer. 

We do know, however, on the basis of incomplete surveys 
published in throwaway journals, that high-volume sur- 
-geons are most likely to use phacoemulsification as their 
procedure of choice. We also know, on the basis of the In- 
spector General’s recent survey of cataract surgery in the 
United States, that the results of surgery performed by 
high-volume surgeons are more likely to be unsatisfactory 
than those performed by the general ophthalmologist. Is 
- there a correlation between these two findings? Again, we 

have no answers. 
- -Cataract surgery is the most frequently performed oper- 
~: sation in the United States. Is phacoemulsification the pro- 
-cedure of choice for restoration of vision for patients with 
“cataracts? Does the patient who undergoes phacoemulsifi- 
cation for a cataract have a greater risk of complications 
> than one who undergoes standard extracapsular surgery? 

- There. are many attractive features of phacoemulsification, 
Dat the primary consideration should be whether the 
-patient is better served by this procedure and, if so, why it 
_-has not been generally accepted among the community of 
_ ophthalmic surgeons. 

: For this reason, I propose that a national collaborative 
study be developed to evaluate the relative efficacy of these 
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two alternative surgical procedures fer patients with cata- 
racts. We all know how valuable these types of studies have 
been in guiding ophthalmic therapy. Probably none would. 
have an impact on a greater number of patients than this 
study would. 
Jonn M. HATTENHAUVER, MD 
Wausau, Wis 


Sports Vision and Vision Training: Myth or Reality? 


To the Editor.—There is a rising interest in sports vision. 
Articles describing the visual abilities in athletic perfo 
mance are frequent. In the field of sports vision, there is 
great possibility of misinterpreting the results of ocul 
examinations owing to our eagerness to be involved an 
prescribe answers to a new field of endeavor. Financial gain 
may precede or follow our efforts. Therefore, we should be 
modest, and our interpretations should be controlled b 
double-masked studies. 
Instruments that test and develop saccadic fixation and 
dynamic vision are worthwhile, but some skepticism i in- 
volving the effectiveness of visual training will arise unless 
controlled studies are conducted. I hope such studies ean be 
pursued by a joint effort monitored by the American Acad- __ 
emy of Ophthalmology and the American Academy of Op- 
tometry. Perhaps this joint effort could be controlled by the 
National Institutes of Health. oe 
As previously demonstrated in the study of dyslexia and | 
learning disabilities, it would be tragic and serve no useful __ 
purpose if our efforts to study sports vision ran separate _ 
ways. At a time when our professional worlds are subject __ 
to critical observation by politicians and our own profes- _ 
sional bodies, it is imperative that we join in a combined  __ 
effort of research. It would be well to take heed before we 
proceed individually in this interesting field of endeavor. | . 
Herman K. GOLDBERG, MD — 
Baltimore, Md 











Orbital Carcinoid Tumor 


To the Editor.—We had the opportunity to review repre- 
sentative slides from the exenteration specimen kindly sënt 
to one of us (R.L.F.) by Dr Bullock from the tumor he and - 
his colleagues’ interpreted as a “primary orbital . 
neuroblastoma.” On review of the slides, all four of us fa- 
vored the diagnosis of orbital carcinoid tumor. By light mi- 
croscopy, the tumor exhibited all four main patterns 
described previously in cases of carcinoid tumors: pattern _ 
A (solid basaloid lobules), pattern B (trabecular or cord- 
like), pattern C (tubular or rosettelike), and pattern D _ 
(mixed)? The tumor also lacked the fine fibrillary baek- 
ground (neuropil) that is frequently observed in cases of | 
neuroblastoma.’ ae 
We decided to study the tumor using the Krystalon pro- 
cedure used by one of us (H.B.). Portions of the section from 
the exenteration specimen containing tumor tissūe ı were -— 

















lifted off the slide, sectioned into 12 portions averaging 5 X 5 
mm each, and mounted on individual glass slides. Immu- 
nostaining after protease digestion was performed using 
four antikeratin monoclonal antibodies to low-molecular- 
weight keratins: AE,, UCD-PR 10/11, CAM 5.2, and 35 beta 
H 11. Although all antibodies gave positive results, stron- 
-ger immunoreactivity was observed with antibodies that 
recognize keratin 18 (CAM 5.2 and 35 beta H 11), a finding 
common in cases of neuroendocrine carcinomas (including 
= earcinoids).‘ In addition, a strong and diffuse reactivity with 
-v an antibody to chromogranin A was noted. This finding is 
typical of carcinoid tumors and correlates well with the 
abundance of neurosecretory granules. 

Neuroblastomas, because they have fewer secretory 
granules, are usually chromogranin negative or only focally 
and weakly positive. This immunohistochemical profile 
completely excludes neuroblastoma and strongly favors the 
diagnosis of carcinoid tumor. The most important finding is 
the abundant expression of cytokeratins, which, in the ex- 
perience of one of us (H.B.), is not found in cases of 
neuroblastoma. 

We believe the record should be kept straight in this case 
for the benefit of those interested in oncology as well as for 
the ophthalmic community as a whole. We are convinced the 
correct diagnosis is carcinoid tumor in the orbit (primary 
vs metastatic). The majority of reported orbital metastases 
have developed from ileal carcinoid tumors.’ 

Werecommend, therefore, periodic follow-up study of the 
patient with appropriate ancillary methods to exclude a 
primary occult carcinoid tumor, especially of the midgut 
(ileum or appendix), If all the study results continue to be 
negative, this case would be best classified as a primary or- 
bital carcinoid tumor similar to the one reported by 
Zimmerman and coworkers.‘ 

















RAMON L. Font, MD 
Hector Batrirora, MD 
FREDERICK A. JaKoBIEC, MD 
LORENZ E. ZIMMERMAN, MD 
Houston, Tex 


: 1. Bullock JD, Goldberg SH, Rakes SM, Felder DS, Connelly PJ. Primary 
orbital neuroblastoma. Arch Ophthalmol. 1989;107-1031-1033. 

- 2 Riddle PJ, Font RL, Zimmerman LE. Carcinoid tumor of the eye and 

orbit: a clinicopathologic study of 15 cases, with histochemical and electron 

microscopic observations. Hum Pathol, 1982;13:459-469. 

3. Jakobiec FA, Kiepach GL, Crissman JD, Spoor TC. Primary differen- 
tiated neuroblastoma of the orbit. Ophthalmology. 1987;94:255-266. 

4. Battifora H. Clinical applications of the immunohistochemistry of fil- 
_ amentous proteins. Am J Surg Pathol. 1988;12(suppl):24-42. 

5. Shetlar DJ, Font RL, Ordofiez N, El-Naggar A, Boniuk M. A clinico- 
pathologic study of three carcinoid tumors metastatic to the orbit. Ophthal- 
mology. 1990;97:257-264. 

6. Zimmerman LE, Stangl R, Riddle PJ. Primary carcinoid tumor of the 
orbit: a clinicopathologic study with histochemical and electron microscopic 
observations. Arch Ophthalmol. 1983;101:1395-1398. 








In Reply.—We very much appreciate the interest of Font et 
al in our article. When our patient was first seen in 1982, the 
slides were reviewed in consultation with numerous surgi- 
cal pathologists, neuropathologists, and ophthalmic pathol- 
ogists at six medical institutions across the country. There 
was a consensus that the tumor was neuroendocrine in na- 
ture. The diagnoses included esthesioneuroblastoma, met- 
astatic carcinoid tumor, neuroblastoma, and paraganglio- 
ma, with the majority favoring a diagnosis of neuroblasto- 
“oma. At that time, specific keratin antibody stains, as 
performed by Dr Battifora, were not available. 

We reviewed Dr Battifora’s slides and agree with his in- 
terpretation of the tumor’s keratin positivity. A polyclonal 
broad-spectrum antikeratin stain was questionably posi- 

_tivein our laboratory while our anti-AE1/AE3 was strongly 
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positive. The keratin positivity effectively includes a neuro- 
blastoma and is very strong evidence in favor of a carcinoid 
tumor. In view of these new findings, we completely agree 
that this is a carcinoid tumor. Considering the 8-year 
asymptomatic period and the negative results of the sys- 
temic evaluation, it appears that this is another case of pri- 
mary orbital carcinoid tumor similar to the one reported by 
Zimmerman and coworkers.’ We are extremely grateful to 
Font et al for bringing this new information to our atten- 
tion. We especially appreciate Dr Battifora’s immunologic 
expertise in resolving this controversial case. The utility 
and reliability of immunohistochemistry is continually in- 
creasing. 

PATRICK J. CONNELLY, MD 

Jonn D. BULLOCK, MD 

Dayton, Ohio 


1. Zimmerman LE, Stangl R, Riddle PJ. Primary carcinoid tumor of the 
orbit: a clinicopathologic study with histochemical and electron microscopic 
observations. Arch Ophthalmol. 1983;101:1395-1398. 


Encreaching Lens Loops 


To the Editor.—I read with interest the letter in the June 
1990 issue of the ARCHIVES by Olson and Brodstein.' They 
describe a 20-year-old woman who underwent extracapsu- 
lar cataract extraction with placement of a polypropylene 
looped posterior chamber intraocular lens (PC IOL). After 
a period, the polypropylene loops were forced by capsular 
fibrosis to encroach on the edge of the IOL, and one appeared 
over the IOL and the other one under it. I might simply add 
that this would not occur if a one-piece polymethyl meth- 
acrylate (PMMA) PC IOL had been used. 

KENNETH J. HOFFER, MD 

Santa Monica, Calif 


1. Olson RJ, Brodstein RS. Encroaching lens loops. Arch Ophthaimol. 
1990;108:784. 


In Reply.—Dr Hoffer raises the issue that a one-piece 
PMMA PC IOL would avoid the problem of encroaching 
loops due to capsular fibrosis. Although many all-PMMA 
lenses are significantly stiffer and maintain their “memo- 
ry” much better than polypropylene, we still do not know 
the forces involved in capsular fibrosis. Therefore, it is too 
early to state that the problem would be totally eliminated 
by one-piece PMMA lenses. It is also important to note the 
recent trend toward more flexible all-PMMA loops, and so 
new lenses approach the flexibility of polypropylene loops. 
As a general rule, it is true that encroaching lens loops are 
generally polypropylene. It is also true, however, that poly- 
propylene has been around much longer and the number of 
patient years of “in-the-bag” PC IOLs with polypropylene 
loops is many times that of the all-PMMA lenses. Only time 
will tall which lens is better. 
RANDALL J. OLSON, MD 
Salt Lake City, Utah 
ROBERT S. BRODSTEIN, MD 
Ogden, Utah 


Decentration of an All-PMMA Posterior Chamber 
intraocular Lens due to Haptic Deformation 


To the Editor.—Decentration of a PC IOL as a late compli- 
cation of extracapsular cataract surgery has been well doc- 
umented in the literature.’* The most frequent cause is the 
placement of one haptic in the capsular bag and the other 
in the ciliary sulcus. Subsequent contracture of the capsu- 
lar bag may deform the haptic and ultimately decenter the 
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optic. We have seen several such cases associated with 
polypropylene (Prolene) haptics, and during repositioning 
surgery have discovered permanent crimping of the haptic 
loop, necessitating IOL exchange. We present herein a case 
of a decentered all-PMMA one-piece PC IOL that was 
caused by capsular bag contracture and permanent defor- 
mation of one of the haptics. 


Report of a Case.—A 48-year-old white man with myotonic dys- 
trophy underwent an extracapsular cataract extraction with im- 
plantation of a one-piece, high-molecular-weight, all-PMMA, 
small-compression-molded, PC IOL (Model 6222, PC UV IOL, Pre- 
cision Cosmet, Minneapolis, Minn) in the left eye in December 1988. 
He underwent a YAG laser posterior capsulotomy a few months 
later, with some visual improvement. During the next year the pa- 
tient developed progressive corneal thickening and his visual acu- 
ity decreased to 20/200 as a result of endothelial cell dysfunction 
secondary to Fuchs’ corneal dystrophy. He was referred to The 
Wilmer Institute, Baltimore, Md, on February 12, 1990, and was 
found to have a visual acuity of 20/400 OS and a cornea! thickness 
of 0.71 mm. The PC IOL was decentered nasally, with the optic edge 
encroaching on the visual axis. The patient was scheduled for pen- 
etrating keratoplasty and IOL repositioning. At surgery (March 8, 
1990) we attempted to rotate the haptics out of the capsular bag and 
into the sulcus, with the remaining capsule providing some support. 
The lens could not be centered adequately despite several rotations. 
We decided to remove the lens, at which time the deformed haptic 
loop was discovered (Figure). A limited anterior vitrectomy was 
performed since vitreous presented at the capsulotomy site, and 
another PC IOL was implanted with ciliary sulcus fixation. The lens 
centered well, and the keratoplasty was completed without com- 
plications. The patient’s visual acuity was 20/70 OS 3 months after 
surgery. 

Comment.—This case illustrates the potential for IOL 
decentration even when one-piece all-PMMA lenses are 
used with both haptics placed in the capsular bag. These 
types of lenses are supposed to have some flexibility of the 
haptics, thus facilitating insertion yet allowing mainte- 
nance of “memory” for resisting decentration when the 
capsular bag contracts. This is in contrast to three-piece 
lenses, which have more easily deformable polypropylene 
haptics. We have seen a few patients in whom the capsule 
contracts the polypropylene haptics to the point that they 
are encroaching on the pupillary aperture; this problem has 
also been reported by others.’ 

We believe that given the choice, placing both haptics 
within the capsular bag is preferable to ciliary sulcus fix- 


All-polymethyi methacrylate (PMMA) intraocular lens (IOL) showing per- 
manent deformation of IOL haptic due to capsular bag contraction. 
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ation or asymmetric capsular bag/suleus fixation. Patho- 
logic studies have also supported this notion, indicating less 
decentration with capsular sac fixation.'? The implication of 
this case report is that decentration of a PC IOL may be 
caused by a permanent deformation of one of the haptics of 
either an all-PMMA or polypropylene looped IOL, and not 
necessarily be caused by one haptic in the bag and one out. 
Treatment of this complication requires either suture fix- 
ation of the IOL loop(s) or replacement of the deformed 
IOL. 

Capsulorhexis has made placement of the haptics in the 
capsular bag much easier since the entire anterior capsular 
edge can be directly visualized. Perhaps the particular style 


of lens used in this case was not sattsfactory for ensured 
centration: the haptics may have been too flexible and thus 
overcome by the capsular bag contraction forces. The 
designs of one-piece all-PMMA lenses have been improved, 
and we are using them for most of our patients. We have not 
encountered any recent decentration problems with capsu- 
lar bag fixation. 

MICHAEL E. SULEWSKI, MD 

WALTER J. STARK, MD 

Baltimore, Md 
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Central Displacement 
of Lens Haptics 


To the Editor.—Olson and Brodstein' recently reported 
encroachment of the polypropylene (Prolene) haptics of a 
posterior chamber intraocular lens on the visual axis of a 
patient. They stated that the condition had not affected the 
patient’s visual acuity, but “patients often complain of vi- 
sual disturbances or a dramatic reduction of vision caused 
by IOL loops encroaching on the pupillary space.” I have had 
the opportunity to examine five patients who had the same 
condition described by Olson and Brodstein, and none of 
these patients had any symptoms either. Frankly, I would 
not have expected any symptoms since the opaque polypro- 
pylene haptics obstruct only a small percentage of the light 
rays entering the pupil, and as such are analogous to one or 
two anterior or posterior cortical spoke opacities, which 
also have no effect on patients who have these lesions in 
their crystalline lenses. 

The situation might be different, however, with clear 
PMMA lens haptics. Since these are not opaque, they might 
indeed be capable of inducing optical aberrations. I would 
be interested to learn if Olson or Brodstein has actually ob- 
served such problems with opaque polypropylene (or clear 
PMMA) haptics encroaching on the visual axis. 

RICHARD J. MackooL, MD 
Astoria, NY 


1. Olson RJ, Brodstein RS. Encroaching lens loops. Arch Ophthalmol. 
1990;108:784. 


In Reply.—Dr Mackool raises an interesting question for 
which I do not have a good answer. Certainly, patients with 
polypropylene loops in the optical area often complain of 
vague visual phenomena that I have always assumed were 
secondary to these lens loops. I have not seen this problem 
with clear PMMA lens haptics, which are usually much less 
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flexible and, I hope, less likely to bend into the visual axis. 
Certainly, time will tell. lappreciate Dr Mackool’s question 
and his interest in our article. 
RANDALL J. OLSON, MD 
Salt Lake City, Utah 


Use of the Disposable Contact 
Lens as a Bandage Contact Lens 


To the Editor.—Therapeutic soft contact lenses can be very 
useful in treating a variety of ocular surface problems, in- 
cluding bullous keratopathy, disorders of corneal wetting, 
conjunctival diseases, epithelial defects, and corneal 
ulcers.'? Since July 1889, we have been using disposable ex- 
tended-wear contact lenses (Acuvue [8.6-mm base curve, 
14-mm diameter] and Nuvue [8.8-mm base curve, 14.0-mm 
diameter]) as a therapeutic modality for such corneal dis- 
orders as persistent epithelial defects resulting from a 
multitude of causes, recurrent corneal erosion refractory to 
conventional treatment, and corneal wound leaks. In addi- 
tion, we have instituted these lenses for smoothing an 
irregular surface, for relief of pain associated with surface 
abnormalities (eg, bullous keratopathy), and as a covering 
over tissue adhesive. We have successfully fitted more than 
75 patients with a disposable contact lens for the treatment 
of corneal surface abnormalities. No adverse effects (eg, in- 
fectious keratitis or toxic reaction) have been encountered 
thus far. The bandage contact lens may be needed for days 
to months, depending on the indication. 

The advantages of disposable-type lenses over the con- 
ventional bandage lens are convenience and potentially 
lower cost to the patient and practitioner. The lens can be 
removed and discarded at each follow-up examination and, 
if necessary, a new sterile lens can be placed in the eye. 
There is no need for expensive and time-consuming clean- 
ing, disinfecting, enzyme treatment, and rinsing of the 
lenses; the toxic and hypersensitivity effects of these solu- 
tions may be eliminated by using disposable lenses.’ The 
buildup of mucopreteinaceous deposits is minimized since 
the lenses are discarded before coatings can become a prob- 
lem. In addition, patients may be given extra lenses for 
weekly replacement at home if they are having an ongoing 
surface problem requiring longer use of the bandage lens. 
These lenses can be purchased by the ophthalmologist at a 
relatively low cost, and each lens is individually packaged 
and sterile. To our knowledge, there have been no problems 
in using topical medications in conjunction with the dis- 
posable lenses. Moreover, contact lenses may serve to 
enhance drug delivery by acting as a reservoir. 

Whenever an extended-wear lens such as the disposable 
lens is used, caution must be taken and frequent follow-up 
visits are mandatory. The risk of infectious keratitis must 
always be considered, especially in those eyes that are al- 
ready compromised. Whether disposable extended-wear 
-bandage lenses are safer and more efficacious than conven- 
tional extended-wear bandage lenses has yet to be deter- 

“mined. However, we find disposable lenses to be a very 
practical alternative in treating these patients. 
MICHAEL E. SULEWSKI, MD 
GREGORY P. KRACHER, OD 
JoHN D. Gottscu, MD 
WALTER J. STARK, MD 
Baltimore, Md 


None of the authors has any proprietary interest in the products 
mentioned in this letter. 
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Etymology of Polymegethism 


To the Editor.—Corneal endothelial cell size, shape, and 
density are important parameters of endothelial function. 
Rao and colleagues! first used the term polymegethism to 
describe size variation in the endothelial monolayer. En- 
dothelial polymegethism may be seen in several conditions, 
including aging, contact lens wear, anterior uveitis, glau- 
coma, and after intraocular surgery and trauma.” Contact 
lens-induced polymegethism has been attributed to endo- 
thelial cell hypoxia leading to diminished adenosine 
triphosphate levels and alterations of calcium metabolism. 

The word polymegethism is derived from the Greek prefix 
odd (poly), meaning “many” and péyeboð (megethos), mean- 
ing “size.” Megethos should be distinguished from the com- 
monly used Greek word yeyadod (megalos), meaning 
“large.” 

Rao and associates! originally used the terms polymegeth- 
ous and polymegethism, but a subsequent article from the 
same laboratory used the spellings polymegethism and 
polymegathism.’ Recent publications use the spelling poly- 
megathism exclusively.2 We contend, however, that the 
original spelling of polymegethism is etymologically correct 
and should be used. 

Rospert W. PANTON, MD 
WALTER J. STARK, MD 
Baltimore, Md 

JOHN H. Panton, MD 
Maywood, Ill 


PETER J. PANTON, MD 
Chicago, Il 
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Ascorbic Acid Is Cytotoxic to Dividing Human Tenon’s 
Capsule Fibroblasts: A Possible Contributing Factor in 
Glaucoma Filtration Surgery Success 


To the Editor.—We read with great interest the article by 
Jampel' in the September issue of the ARCHIVES. We were 
pleased to see that the aqueous humor is receiving proper 
attention as an important factor contributing to the devel- 
opment of avascular cystoid conjunctival bleb following 
successful filtering surgery, 

Jampel appropriately points out that clinical studies have 
demonstrated that youth, previous surgery, and anterior- 
segment neovascularization are characteristics that pre- 
dispose an eye to filtering surgery failure. We want to point 
out that it has been shown by Kinsey et al? that while the 
aquecus ascorbate concentration is known to be some 25 
times that of the plasma in adult rabbit eyes, it is not any 
higher than that of plasma in young rabbit eyes. Whether 
the same is true in humans is unknown. Lam and Lee‘ have 
reported that the aqueous ascorbate level is much decreased 
in the eyes with neovascular glaucoma. We observed a per- 
sistent increase of aqueous humor protein concentration, 
which indicates a persistent disturbance of the blood-aque- 
ous barrier, and a proportional decrease of aqueous ascor- 
bate concentration in eyes that underwent previous intraoc- 
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ular surgery in the absence of any clinically ascertainable 

intraocular inflammation (D.H.S., M.S.J., Y.H.O., J.M.R., 

-unpublished data, 1985). 

< The ascorbic acid may be the factor or one of the factors 
responsible. for the inhibitory effect of aqueous humor on 


~~ fibroblasts. On the other hand, one has to reconcile the re- 
=- -ports that drugs that decrease the aqueous formation, such 


as carbonic anhydrase inhibitors, cause an increase of 


i ‘aqueous ascorbate concentration’ and that corticosteroids 


-cause a decrease of aqueous ascorbate.‘ The known negative 

‘effect of carbonic anhydrase inhibitors on the outcome of 
glaucoma surgery may be due to the undesirable effect of a 
decreased aqueous flow through the filtering fistula, out- 
weighing a potential benefit of increased aqueous ascorbate 
concentration. Likewise, the beneficial anti-inflammatory 
and antifibroblastic effects of corticosteroids must out- 
weigh the potential negative effect of decreased aqueous 
ascorbate concentration. Thus, the picture may be a com- 
plex one involving many factors in addition to the ascor- 


bate. For example, increase of plasma factors in the aque- 


ous as the result of breakdown of the blood-aqueous barrier 
may be as detrimental, possibly by stimulating fibroblasts, 
as is decrease of the ascorbate. 

Nevertheless, Jampel presents strong evidence for ascor- 
bic acid as a possible aqueous factor important in the out- 
come of filtering surgery. He should be congratulated for his 
most interesting observation and for refocusing our atten- 
tion on the importance of the aqueous humor in the success 
and failure of the filtering procedure. 

Done H. Sux, MD, PHD 
Mark S. Juzycu, MD 
Younc H. Ou, MD 

JOHN M. Ramocki, MD 
Detroit, Mich 


1, Jampel HD. Ascorbic acid is cytotoxie to dividing human tenon’s cap- 


= gule fibroblasts: a possible contributing factor in glaucoma filtration surgery 
“success. Arch Ophthalmol. 1990;108:1323-1325. 


Bes 2. Herschler J. The inhibitory factor in aqueous humor. Vision Res. 

5 1981;21:163. 

=i 3. Kinsey VE, Jackson B, Terry TL. Development of secretory function of 
ciliary body in the rabbit eye. Arch Ophthalmol. 1945;34:415-417. 

4, Lam KW, Lee PF. Analysis of ascorbate concentration in the aqueous 
humor by high pressure liquid chromatography. Invest Ophthalmol Vis Sci. 


o 1975;14:947-950. 


e S Becker B; Carbonic anhydrase and the formation of aqueous humor: the 
Friedenwald Memorial Lecture. Am J Ophthalmol, 1959;47:342-361. 
6. Mehra KS, Kumar A, Dubey SS, Palodhi GR. The effect of vitamin A and 
cortisone on ascorbic acid content in the aqueous humor. Ann Ophthalmol. 
1982;14:1013-1015. 


— InReply—1 thank Dr Shin and colleagues for their kind and 


thoughtful comments. They cite references that demon- 
strate that the aqueous humor concentration of ascorbate 
— increases with age in rabbits and that aqueous humor 


- ascorbate concentrations are decreased in cases of neovas- 


_ ċular glaucoma. It would be interesting to confirm these 
observations in a large number of patients and determine 
if aqueous humor ascorbate levels correlate with successful 
glaucoma surgery. 

A great deal of attention has been given to improving the 
“success rate of glaucoma surgery pharmacologically. Less 
emphasis has been given to understanding why the opera- 
tion. usually does work, given that most other surgical 
wounds heal completely. Shin et al correctly remind us that 
< the reason glaucoma filtration surgery succeeds remains a 


mystery. Aqueous humor composition may be one of nu- 


_ merous determinants of the operation’s success or failure, 
ro and clearly it merits further investigation. 

Henry D. JAMPEL, MD 
Baltimore, Md 
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Eyelid Palpebral Springs in Patients Undergoing 
Magnetic Resonance Imaging: An Area of 
Possible Concern. 


To the Editor.— Although most patients with seventh nerve 
palsies can be successfully treated with conservative ther- 
apy, some patients will require additional protection from 
exposure keratopathy. Placement of a palpebral spring in 
the affected upper eyelid is sometimes performed in these 
selected patients to provide needed functional and cosmetic 
improvement.'? Acoustic neuroma resection is a frequent . 
cause of the seventh nerve palsies seen in our referral cen- 
ter practice. These patients undergo periodic magnetic res- 
onance imaging (MRI) scans to monitor for tumor recur- 
rence. In light of this, we became concerned that placement 
of a stainless steel spring in the upper eyelid could poten- 
tially be dangerous in patients requiring periodic MRI 
scans, given the strong magnetic fields involved. 

A 0.3-mm stainless steel, round, orthodontic wire (Unitek 
Corp, Monrovia, Calif) is the currently preferred wire for- 
these springs.’ The wire is available as 302, 304,.and 316 
stainless steel. The composition of the wire is 10% to 15% 
nickel, 15% to 20% chromium, 0% to 3% silicone, and 0%- 
to 5% manganese; the remainder is iron. 

A 7.5-em-long piece of the 0.3-mm orthodontic wire was 
placed in a specimen cup and held approximately 30 cm from 
a 0.35-T MRI scanner (Diasonics Corp, Milpitas, Calif) As 
the specimen cup was moved back and forth- in- front of the 
scanner, the wire freely moved to magnetically align itself 


with the magnetic field. Clearly, placement of the wireinthe 


scanner itself would have resulted in significant displace- 
ment forces between the wire and the magnetic field. _ 
Typically, the spring is well fixed in position with perma- 
nent sutures, and it has been found to be well encapsulated 
in fibrous tissues 4 weeks after placement. This suggests 
that extrusion of the spring or significant migration is less 
likely if a spring has been in place for 1 month or more, but 
there may be significant risk to a recently placed device. 
Two of our patients with springs underwent MRI scans ~~ 
more than 3 months after placement without difficulty. Itis 


also of interest to note that there was no appreciable heat- 


ing of the springs during the scans. 

A decision for palpebral spring placement should be made 
cautiously in a patient who is known to need frequent MRI 
scans. Stainless steel wire of 316L grade should be used; if 
possible, since it is less likely to be magnetic. If a spring is 
placed in a patient who subsequently needs an MRI scan, the 
sean should be deferred, when possible, until the spring is 
well scarred into position. However, slight migration or ad- 
justment changes could potentially occur when the spring - 
is subjected to the strong magnetic field of the MRI sean- 
ner. Thus, all patients with palpebral springs who undergo 
MRI scans should have their springs checked after the pro- 
cedure. 

STUART R. Seirr, MD 

KENNETH P. VESTEL, MD 
MAJ CHARLES L. Truwit, MC, USA 
San Francisco, Calif 


The authors have no proprietary interest in any spring material, device, 
or imaging equipment. 
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Ultrasonographic ‘Oil Droplet Phenomenon’ 


To the Editor.—We observed an interesting and unexpected 
ultrasonographic phenomenon in a patient whose silicone 
oil had been removed after successful vitreous surgery for 
proliferative vitreoretinopathy. During a routine postoper- 
ative slit-lamp examination, a few silicone oil droplets were 
observed circulating in the vitreous cavity. The retina was 
attached ophthalmoscopically. To document the retinal re- 
attachment, we performed a combined A- and B-scan 
ultrasonographic examination. To our surprise, a highly 
reflective image appeared that resembled a shallow or 
localized retinal detachment (Fig 1). A moment later, the 
detachment disappeared and we observed highly reflectile 
short linear images*within the vitreous cavity (Fig 2). The 
images were found to be circulating in a counterclockwise 
direction. 

Our explanation of this interesting phenomenon is as 
follows: the linear reflections were caused by silicone oil 
droplets. These reflections temporarily consolidated adja- 
cent to the retinal surface and resembled a shallow retinal 





Fig 1.--Combined A- and B-scan ultrasonographic image demonstrat- 
ing a highly reflectile linear reflection just above the retina, which 
resembles a retinal cetachment (arrow). 


Fig 2.—Combined A- and B-scan ultrasonographic image of the same 
eye a few seconds later demonstrating highly reflectile oi! droplets cir- 
culating in a counterclockwise direction in the vitreous cavity. 
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detachment. This phenomenon is caused by the combined 
effects of the buoyant properties of the silicone oil, the con- 
vection currents within the vitreous cavity, and the ultra- 
sonographic features of silicone oil! The buoyancy of the 
silicone oil causes the droplets to rise to the uppermost part 
of the vitreous cavity, and the intraocular convection cur- 
rent causes the droplets to circulate. As a result, the oil 
droplets tend to circulate in the periphery of the vitreous 
cavity, just above the retinal surface. If, during an ultra- 
sonographic examination, the highly reflectile linear im- 
ages of the oil droplets combine, a picture appears that 
mimies a retinal detachment. To avoid misinterpretation of 
this “oil droplet phenomenon,” we would like to alert 
examining physicians to this event. 

ANNE HENNEKEN, MD 

ROBERT MACHEMER, MD 

Durham, NC 


This study was supported by Research to Prevent Blindness Inc, and Hel- 
ena Rubinstein Foundation, New York, NY. 
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Computerization of Medicine: 
A Double-Edged Sword 


To the Editor.—The article by Paton! in the issue of the 
ARCHIVES concerning computerization in medicine is most 
timely. Paton is correct in identifying the mass availability 
of information as the most significant change in the coming 
years. The physician will assume the role of leader of a 
health care team, with paramedical assistants performing 
more of the hands-on patient evaluation with the help of 
computers to pinpoint the diagnosis and suggest therapy. 
Physicians therefore will evolve into two basic types: super 
surgeons and administrators. What Paton did not allude to 
in his rosy projections for the future is that the vast major- 
ity of ophthalmologists are not currently either super sur- 
geons or administrators. 

For ophthalmologists to avoid either underemployment 
or total unemployment in the 21st century, they must either 
seek further training in management and administration, 
hack through the competitive jungle of private practice 
surgery and achieve a marketing edge, or find a specialized 
niche in academic medicine. It would not surprise me if the 
legislative bodies that control the licensure of medicine, and 
therefore its monopoly on health care, decide within our 
professional lifetimes that primary medical care is no 
longer the exclusive domain of physicians. The computer 
and a nurse clinician (or optometrist) may turn out to be 
good enough for most primary problems, in the eyes of 
cost-conscious legislators. 

I feel that most ophthalmologists should carefully assess 
their current position in light of the sweeping information 
changes occurring in our world. In many instances, the 
computer will undermine their current livelihoods. 

LOUISE C. MoorHEAD, MD 
Houston, Tex 


1. Paton, D. The imperative for change in health care delivery: an 
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Transient Superior Oblique Paisy 
Following Arterial Ligation for Epistaxis 


To the Editor.—We were interested in the article by Couch 
and colleagues' in the August 1990 issue of the ARCHIVES 
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since we had recently encountered a similar case. A 35- 
year-old man underwent arterial ligation to control right- 
sided posterior epistaxis. The internal maxillary artery and 
its infraorbital branch were ligated within the pterygo- 
palatine region via a transantral approach, and the anterior 
and posterior ethmoidal arteries were ligated via a naso- 
frontal approach. As his right lid swelling resolved, allow- 
ing binocular vision, the patient noted vertical diplopia that 
improved when he tilted his head to the left. He had a 
1-prism diopter (PD) right hypertropia (RHT) in forward 
gaze, a 3-PD RHT in left gaze, a 1-PD RHT in right gaze, a 
3-PD RHT in right head tilt, and a 1-PD RHT in left head 
tilt. Subjective Maddox rod testing confirmed a motility 
disturbance consistent with a right-sided superior oblique 
palsy. Ductions and versions were otherwise normal. The 
patient also had 3 PD of vertical fusion amplitude and 7° of 
excyclodeviation. There were no orbital findings or focal 
tenderness in the region of the trochlea. The patient’s 
symptoms and findings resolved completely 5 months after 
the procedure. 

The two patients described by Couch et al' had motility 
disturbances that did not resolve completely during the 
course of follow-up. The authors concluded that displace- 
ment of the periosteum and trochlea by a local hematoma 
offered the best explanation for the findings in their 
patients. 

Our patient’s motility disturbance, on the other hand, to- 
tally resolved over 5 months. The spontaneous resolution 
and lack of trochlea tenderness suggested the possibility 
that ligation-induced muscle ischemia was the mechanism 
responsible for our patient’s superior oblique palsy. While 
the infraorbital artery does not normally supply the supe- 
rior oblique muscle, variation of the intraorbital blood 
supply? and anastomotic connections between the oph- 
thalmic artery circulation and internal maxillary artery 
circulation’ are well known. We speculate that ligation of 
our patient's infraorbital and posterior ethmoidal arteries 
caused partial ischemia of his superior oblique muscle be- 
cause of some predisposing variation of his orbital blood 
supply. Our patient’s course fully supports the recommen- 
dation by Couch et al' that patients with arterial ligation- 
induced superior oblique palsy be observed for several 
months before surgical intervention is considered. 

DANIEL M. Jacogson, MD 
Gary A. Prsicxka, MD 
Marshfield, Wis 


1. Couch JM, Somers ME, Gonzalez C. Superior oblique muscle dysfunc- 


_ tion following anterior ethmoidal artery ligation for epistaxis. Arch Oph- 


thalmol. 1990;108:1110-1113. 

2. Lasjaunias P, Berenstein A. The internal maxillary system. In: Surgi- 
eal Neuro-angiography: Functional Anatomy of Craniofacial Arteries. New 
York, NY: Springer-Verlag NY Inc; 1987:103-122. 

3. Hayreh SS. Arteries of the orbit in the human being. Br J Surg. 
1963;50:938-953. 


In Reply.—I would like to thank Drs Jacobson and Pesicka 
for elucidating the etiology of superior oblique muscle dys- 
function following surgery in the periorbital region. Tran- 
sient superior oblique muscle dysfunction after anterior 
ethmoidal artery ligation has been reported' and is proba- 
bly a more common deficit in the postoperative period than 
recognized. As Jacobson and Pesicka mentioned, their pa- 
tient’s diplopia was not recognized until external lid swell- 
ing had resolved. 

I suggest that this phenomenon is not always recognized 
and reported due to external lid swelling and the prevention 
of binocular vision and subjective complaints of diplopia. If 
one is to hypothesize a similar mechanism for most cases of 
superior oblique dysfunction following surgery to the peri- 
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orbital region (such as following blepharoplasty, ptosis re- 
pair, and ethmoidectomy),*" it would be difficult to explain 
a purely vascular phenomenon based on the ligation of spe- 
cific arteries. One could speculate about an ischemic event 
based on local compression of the vascular supply to the 
muscle secondary to orbital swelling or localized hemato- 
ma. 

As Drs Jacobson and Pesicka point out, there may be 
marked variations in the intraorbital blood supply. How- 
ever, the rich anastomoses of these vessels with the muscu- 
lar branches of the ophthalmic artery make it unlikely that 
their occlusion would render any of the extraocular muscles 
ischemic or dysfunctional for any period, unless there was 
a local compressive component. = 

Although the authors mentioned that their patient hada 
lack of tenderness in the trochlea region, I am not certain 
that lack of trochlea tenderness corresponds to lack of dis- 
placement. Periorbital swelling or lack thereof may be more 
significant in the implication of a trochlear displacement. 

Surgery for epistaxis inherently involves the ligation of 
part of the arterial system in the periorbital region. For this 
reason, it is alluring to speculate about an ischemic event 
as a cause of superior oblique muscle dysfunction. To fur- 
ther identify the mechanism of this dysfunction, a helpful 
study using magnetic resonance imaging of the orbit in the 
immediate postoperative period could prove helpful. 

JEFFREY M. Coucu, MD 
North Kansas City, Mo 
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The Medicolegal Implications of Detecting Hemosiderin 
in the Eyes of Children Who Are Suspected of 
Being Abused 


To the Editor.—In discussing the pathologic changes in eyes 
of children who died after suspected child abuse, Elner et al’ 
asserted “that such trauma may be repeated is indicated by 
positive stains for hemosiderin”; this statement provides an 
opportunity for medicolegal confusion and miscarriage of 
justice. According to one source,’ hemosiderin, a breakdown 
product of hemoglobin from red blood cells, may be identi- 
fied as early as 1 day after injury, although other authors? 
are fairly circumspect and suggest that an interval of “sev- 
eral days” must pass before hemosiderin is deposited; mac- 
rophages that assemble ferritin into hemosiderin are iden- 
tified at injury sites within 48 to 72 hours. 

Certainly, the detection of hemosiderin may indicate re- 
peated trauma, but hemosiderin may also be a marker of 
survival after one episode of trauma. A child may be trau- 
matized once and survive long enough for hemoglobin to be 
metabolized into hemosiderin. Elner et al' do not indicate 
the interval between the time of suspected trauma and 
death. Two of us (M.W.L. and M.G.F.G.) have detected he- 
mosiderin in the optic nerve dura or retina or both in eight 
(28.6% ) of 28 children who survived for at. least 3 days on 
arespirator before dying; investigations of these cases were 
consistent with single rather than repeated injuries. 

This is not an issue of limited, academic interest. The de- 
termination of guilt or innocence of a suspect or defendant 
in a child abuse case often turns on the very question of 
whether anyone other than the implicated caregiver could 
have reasonably caused these injuries to the child. If the 
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` detection of hemosiderin is interpreted as “repeated 
trauma,” it is possible that innocent caregivers may be er- 
roneously implicated in the mistreatment of the child. 
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In Reply.—We appreciate the comments by Massicotte et al. 
As with every other clinical or laboratory test, the finding 
of hemosiderin in tissue must be interpreted in the context 
of clinical history and pathologic findings. When so used, we 
believe that iron stains for hemosiderin may be helpful in 
dating hemorrhages. Although Massicotte et al refer to 
general pathology texts in an incomplete discussion con- 
cerning the deposition of hemosiderin, the timing of iron 
deposition in traumatic brain lesions is well documented.“ 
Hemosiderin first appears 3 days after injury, but does not 
become obvious on histochemical staining for 5 to 7 days 
=- after trauma.'* In two of three cases in our report,’ the 
¿children died within 3 days of hospital admission. In the 
third case, death occurred on the sixth day of hospitaliza- 
tion, but histologic evidence for hemorrhages of different 
ages was incontrovertible (see below). In all of these cases, 
“the children had other evidence of multiple trauma and in- 
consistent clinical histories. 

The mere detection of hemosiderin is not sufficient to in- 
dicate repeated trauma, but it may be helpful in dating 
hemorrhages of different ages, thereby indicating that 
trauma may have been repeated. In each of our three cases, 
histologic demonstration of hemosiderin within scars in 
conjunction with histologic evidence of acute hemorrhages 
was instrumental in detecting hemorrhages of different 
ages, indicating repeated trauma rather than the single ep- 
isodes obtained by medical history. In our report,’ patient 
1 demonstrated fresh hemorrhages as well as hemosiderin 
in glial scars of the retinal internal limiting membrane (Fig 
3, left) and abundant hemosiderin deposition in the dura 
mater of the brain (Fig 7, bottom). In patient 6, in addition 
to fresh hemorrhages, hemosiderin was detected in glial 
scars within the retina and in the scar tissue surrounding 
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the optie nerve (Fig 4, bottom right). In patient 7, acute 
hemorrhages were accompanied by abundant hemosiderin 
depositien in the brainas well as iron deposition within the 
optie nerve and retina. The detection of acute hemorrhages 
and hemosiderin within glial and fibrous scars in which 
blood components other than iron from old hemorrhages 
had been resorbed and/or organized led to our conclusion 
that hemorrhages had occurred repeatedly in each case. 

Although Massicotte et al detected hemosiderin in the 
optic nerve and retina in “children who survived for at least 
3 days... before dying,” hemosiderin is useful in detecting 
only minimal intervals between hemorrhage and death and 
not maximal intervals since hemosiderin may remain in 
tissues for as long as 20 years.” Of greater importance in 
dating hemorrhages in their patients is the minimal inter- 
val of survival prior to death as well as observations of in- 
dependent hemorrhages of different ages within the same 
patient.‘ 

We agree with Massicotte et al that the issue of child 
abuse is not merely of academic interest. The growing 
numbers of reported child abuse victims is indicative of the 
large numbers of children at risk for trauma and death. 
Many of the victims who die have siblings who are at greatly 
increased risk. Hemosiderin stains, like other clinical and 
pathologic tests, must be used and interpreted in the con- 
text of each individual case of suspected child abuse. When 
used properly, iron stains may help detect hemorrhages of 
different ages that may have been produced by repeated 
trauma. Simply equating the presence of hemosiderin to 
repeated trauma was not our intended message, as docu- 
mented throughout our report of necropsy findings in sus- 
pected child abuse.* 

SUSAN G. ELNER, MD 
Victor M. ELNER, MD, PHD 
Ann Arbor, Mich 


DANIEL M. ALBERT, MD 
Boston, Mass 
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Expulsive Suprachoroidal 
Hemorrhage With Scleral 
Buckling Surgery 





Intraocular hemorrhage is one of the 
most serious complications that can 
occur during a retinal reattachment 
procedure, We describe a patient who 
developed a massive suprachoroidal 
hemorrhage during a scleral buckling 
procedure with extrusion of intraocu- 
lar contents through a penetrating ker- 
atoplasty incision. 


Report of a Case.—A 62-year-old healthy 
white woman presented with a rhegmatog- 
enous retinal detachment in her left eye on 
April 26, 1989. She had undergone a eom- 
bined cataract extraction with lens implant 
and penetrating keratoplasty in January 
1988. Her corneal sutures were removed in 
November 1988. A neodymium-YAG laser 
posterior capsulotomy was performed in 
March 1989. During retinal surgery, eryo- 
therapy under direct visualization was ap- 
plied to an area of anterior circumferential 
lattice in the 2 o'clock position and an 
adjacent retinal tear. The vortex ampulla 
and veins were not treated. 

Intrascleral sutures were placed in each 
quadrant without premature drainage. The 
buckle and band were put into position. 
Prior to attempting drainage, the eye be- 
came hard. There was a forceful 270° rup- 
ture of the corneal wound, with extrusion of 
the posterior chamber lens and intraocular 
contents. Large hemorrhagic choroidal de- 
tachments were noted. Despite scleroto- 
mies in three quadrants draining hemor- 
rhagic fluid, the pressure remained 
elevated. With further drainage and even- 
tual excision of extruding tissue, the eye 
softened, allowing the cornea to be resu- 
tured. As the hemorrhagic choroidal de- 
tachments resolved, the retina was noted to 
be totally detached, with proliferative vi- 
treoretinopathy. The eye had become hypo- 
tonie with light perception visual acuity. 

Comment.—The development of a 
subretinal or choroidal hemorrhage 
during scleral buckling surgery be- 
comes significant when the hemor- 
rhage gravitates under the macular 
region. The hemorrhages may occur 
after perforation or rupture of a cho- 
roidal vessel or from precipitous and 
excessive hypotony that can occur with 
the release of subretinal fluid or global 
rupture.’ Thermal treatments of the 
retina, including diathermy and eryo- 
pexy, can also cause choroidal hemor- 
rhages. The one case report in the 
literature that we are aware of de- 
scribing the development of an ex- 
pulsive choroidal hemorrhage during 
scleral buckling surgery occurred after 
the drainage portion of the procedure.’ 
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In our patient, although there may 
have been some transient elevation of 
intraocular pressure during the cryo- 
pexy, there was no subsequent reduc- 
tion in pressure since drainage was not 
performed. The vortex system was 
neither traumatized nor inadvertently 
treated with cryotherapy. Other risk 
factors associated with expulsive hem- 
orrhage, including hypertension, glau- 
coma, myopia, and local anesthesia, 
were not present in our patient. Al- 
though hemorrhage was not noted dur- 
ing the cryopexy, it is possible that it 
began shortly afterward and pro- 
gressed. Another possible cause of the 
hemorrhage included the mechanical 
disruption of a choroidal vessel that 
ean occur as the globe is deformed, 
either with a scleral depressor or cryo- 
probe or from the placement of a scler- 
al buckle. Further complicating the 
development of the choroidal hemor- 
rhage in our patient was the presence 
of a corneal graft with no corneal su- 
tures. The tensile strength of the cor- 
nea had been noted to be reduced after 
penetrating keratoplasty.” The ma- 
nipulation of the globe during a scleral 
buckling procedure may stress the cor- 
neal wound, facilitating a rupture. In 
our patient, although a choroidal hem- 
orrhage developed prior to the wound 
rupture, the further reduction in pres- 
sure may have resulted in further and 
more massive hemorrhage. It is pru- 
dent for the retinal surgeon to consider 
placement of corneal sutures in an 
effort to reduce the problem of all 
dehiscences, especially if the patient 
has had suture removal in the relative- 
ly recent past. 

DaviD M. FASTENBERG, MD 
HENRY D. PERRY, MD 
Eric D. DONNENFELD, MD 
PETER L. SCHWARTZ, MD 
JEFFREY L. SHAKIN, MD 
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Herpes Reactivation and 
Ophthalmoplegia From 
Pituitary Adenoma Invading 
the Cavernous Sinus 


Ocular motor nerve palsies are ¢om- 


mon in patients with herpesvirus ret 








activation. The palsies are caused by 
an ischemic vasculitis affecting the oc- 
ular motor nerves along with the 
trigeminal nerve. On rare occasions, a 
tumor in the cavernous sinus can pro- 
duce ophthalmoplegia and skin mani- 
festations of herpesvirus infection. 


Report of a Case.—An 82-year-old man 
was found by a family member to be mildly 
confused and complaining of right orbital 
pain. On examination he had a fever of 
39.8°C and herpetic vesicles on the right 
side of the nose and upper lip. Skin testing 
disclosed mild hypoesthesia involving the 
right ophthalmic (V,) and maxillary (V3) 
trigeminal divisions. Visual acuity was 20/ 
20 OU. The patient was unable to open his 
right eye (Fig 1). It was completely oph- 
thalmoplegic with a fixed 6.5-mm pupil. 

The patient’s ophthalmoplegia was ini- 
tially attributed to herpesvirus. However, a 
computed tomographic scan performed 2 
days later revealed a sellar mass invading 
the right cavernous sinus (Fig 2). The lesion 
appeared nonhomogeneous and slightly 
denser than surrounding brain tissue. The 
patient was treated with steroids and agy- 
clovir sodium before undergoing transphe- 
noidal resection of a hemorrhagic pituitary 
adenoma. 


Comment.—Outbreak of herpes sim- 
plex or herpes zoster can be triggered 
by trigeminal rhizotomy or manip- 

























Fig-1.—Patient with ptosis, ophthalmoplegia, 
andh Tpetic'lesions on the right upper lip and 
te‘retraction of the left eyelid. 
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e 
Fig 2.—Axial computed tomographic scan 
showing a lesion in the right cavernous sinus. 
The irregular bright signal within the mass was 
blood. 


ulation’? The skin lesions usually 
erupt within a few days of the surgical 
procedure. In our patient, we suspect 
that pituitary apoplexy caused simul- 
taneous herpesvirus reactivation and 
ophthalmoplegia by compression of 
cranial nerves III, IV, V,, V, and VI in 
the cavernous sinus. 

Herpesvirus reactivation usually oc- 
curs spontaneously. Paralysis of ex- 
traocular muscles is due to extension 
of inflammation from the trigeminal 
nerve to ocular motor nerves within 
the cavernous sinus.™ This case under- 
scores that before ophthalmoplegia is 
ascribed to herpesvirus, the possibility 
of a mass within the cavernous sinus 
producing both ophthalmoplegia and 
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Fig 1.—Right eye. A semilunar opacification in the inferotemporal 
peripheral cornea continuous with a partial immune ring is shown 
(arrow). A translucent zone is noted between the opacity and the limbus. 
Ciliary and conjunctival injection is also noted. 


herpes reactivation must be consid- 
ered. 
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Bilateral Corneal Immune Ring 
Opacity in Behcet’s Syndrome 


Ring-shaped infiltration of the corneal 
stroma, known as Wessely ring, is be- 
lieved to result from intrastromal in- 
teraction of antigens, from either an 
infecting organism or altered corneal 
tissue, with antibodies diffusing into 
the cornea from the limbus.’ These 
complexes activate, complement, and 
subsequently attract inflammatory 
cells. We report a rare case of Behcet's 
disease in which both antibodies and 
antigens probably originated from the 
limbal vasculature. They diffused ei- 
ther separately or as an immune com- 
plex and precipitated in the stromal 








midperiphery, where an optimal con- 
centration was achieved. 

Report of a Case,—A 16-year-old girl 
known to have Behcet’s syndrome for 7 
years was referred to our department. Her 
ophthalmic history consisted of recurrent 
nonpurulent conjunctivitis. Her visual acu- 
ity was 20/20 and the intraocular pressure 
was normal bilaterally. In the inferotem- 
poral corneal periphery a semilunar stro- 
mal opacity was noted 1.5 mm from the 
limbus continuous with a stromal immune 
ring (Figs 1 and 2). The rest of the anterior 
and posterior segments were normal. Sys- 
temic and local steroid therapy did not 
cause resorption of the immune ring. 


Comment.—Behcet’s syndrome is a 
chronic, recurrent, inflammatory dis- 
ease with widespread clinical manifes- 
tations, characterized by recurrent 
orogenital aphtous lesions, uveitis, and 
hypopyon.?? The etiology is unknown 
but it may be viral or autoimmune. The 
most common corneal pathologic le- 
sion is band keratopathy, which is a 
complication of chronic iridocyclitis.'“ 
Rarely, conjunctivitis varying from 
catarrhal inflammation to phlyc- 
tenular like erosions may be found.’ 
Superficial punctate keratitis, recur- 
rent corneal ulcerations, and circum- 
scribed stromal opacities that may be- 
come vascularized have also been 
reported? 

In systemic vasculitides the periph- 
eral cornea may be affected either by 
ischemia or deposition of immune 





Fig 2.—Left eye. Similar corneal opacity continuous with a complete 
corneal immune ring (arrows) is shown. Other findings are similar to the 
right eye. 
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complexes originating from the limbal 
vessels with secondary stromal 
inflammation.'* Such immune com- 
plexes. have been reported in 50% of 
patients with Behcet’s syndrome.’ 

In our patient, the bilateral, circu- 


_ lar, stromal, peripheral opacity was 
probably related to the basic autoim- 


mune disease. This ring opacity grad- 
ually appeared following the systemic 
signs in the presence of a normal blood 


lipid profile. Additionally, our patient 


never wore contact lenses. We assume 
that. the recurrent attacks of autoim- 


“mune conjunctivitis were associated 


with inflammation of the limbal vas- 
culature. The latter may have facili- 
tated the diffusion of immune com- 
plexes in a ring pattern into the cor- 
neal periphery. Although we expected 
the immune ring to be resorbed fol- 
lowing steroid administration, this 
treatment was not effective, and cyto- 
toxic therapy should be considered in 
the future. 
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Adult Vitelliform Macular 
Degeneration Progressing to 
Full-Thickness Macular Hole 





The association of pseudovitelliform 
or adult vitelliform macular degener- 
ation and full-thickness macular hole 
has been suggested by the appearance 
of each lesion in one eye in four elderly 
individuals! We describe a patient 
who presented with good visual acuity 
and bilateral vitelliform lesions. Dur- 
ing a 4-year period, she developed bi- 
lateral, full-thickness macular holes. 


Report of a Case.—An asymptomatic 68- 
year-old woman was noted to have bilat- 
eral, symmetrical, ovoid, deep yellowish le- 
sions in the macula on routine examination. 
Her history was notable for hypertension, 
being controlled with therapy, an acute 
myocardial infarction, and femoral artery 
bypass surgery. 

The patient’s visual acuity was 20/20 OD 
and 20/30 OS. The ocular examination re- 
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sults were normal except for the yellow 
macular lesions. A fluorescein angiogram 
showed hyperflucrescence of the lesions 
that occurred early and persisted without 
leakage in the late stages. 

One year later, her visual acuity had di- 
minished to 20/100 OS and there was a 
full-thickness macular hole with an overly- 
ing operculum. Four years later, the patient 
noted visual distortion in the right eye. Vi- 
sual acuity was 20/40 OD and the yellowish 
lesion had enlarged in diameter (Figure, 














The macula of the right eye shows a round yel- 
lowish lesion in the nasal portion (top). Nine 
months later, part of the yellowish material dis- 
sipated, the overlying retina thinned, and a 
small dehiscence occurred temporarily (cen- 
ter). This was soon followed by a full-thickness 
macular hole that was ‘‘comma’’ shaped, had 
whitish precipitates at the level of the retinal 
pigment epithelium, was surrounded by a con- 
centric ring of mild whitening of the retina and 
preretinal striae, and was associated with a 
posterior vitreous detachment (bottom). 


top). Electro-oculogram findings were nor- 
mal in each eye (2.50 OD and 2.70 OS). 

During the next 9 months, there was dis- 
sipation of the yellowish material that was. 
associated with retinal thinning and cystic 
changes. This was followed by a small, 
irregularly shaped retinal dehiscence (Fig- 
ure, center), and subsequently by a full- 
thickness macular hole; the patient’s visual 
acuity was 20/200. The hole was “comma” 
shaped, had whitish precipitates at the 
level of the retinal pigment epithelium, was 
surrounded by a mild concentric retinal 
whitening and preretinal striae, and was 
associated with a posterior vitreous detach- 
ment (Figure, bottom). 


Comment.—Pseudovitelliform or 
adult-onset vitelliform macular de- 
generation has been seen with detach- 
ments of the retinal pigment epithe- 
lium, cuticular (basal laminar) drusen, 
nonspecific pigment alterations, and 
perifoveal retinal capillary leakage. 
Follow-up studies’ suggest that the 
majority of patients have stable or 
slightly worse visual acuity. The mac- 
ular lesions may evolve toward the ap- 
pearance of dry, nonexudative macular 
degeneration, but no patients devel- 
oped a macular cyst or hole. 

Four patients (age range, 69 to 78 
years; two men and two women) pre- 


sented with a macular hole in one eye 
and a “gray centered macular lesion 
with a surrounding yellow halo” in the 
fellow eye. No patients demonstrated a 
progression from the lesion to a mac- 
ular hole.’ 

To our knowledge, ours is the first 
documented case of a vitelliform lesion 
progressing to a full-thickness hole. 
While the association may be fortu- 
itous, it may well be that some patients 
with vitelliform degeneration are atan 
increased risk for the development of 
full-thickness macular holes. 

KENNETH G. NoBLE, MD 
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New York, NY 
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Strength of drug 
delivery 


è Patented technology slows release and 
increases retention of drug in the eye 


e The amount of betaxolol delivered to 
the aqueous humor by the 0.25% sus- 
pension is equal to that delivered by the 
0.5% solution 


è Efficacy equivalent to 0.5% solution has 
been demonstrated in clinical trials 
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Asthmatic attacks and pulmonary distress have been reported during 
betaxolol treatment. Although rechallenges of some such patients 
with ophthalmic betaxolol have not adversely affected pulmonary 
function test results, the possibility of adverse pulmonary effects in 
patients sensitive to beta-blockers cannot be ruled out. 
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Strength of improved 
comfort 


e Active drug is released more slowly to 
the cornea, resulting in improved 
patient comfort 


Strength of beta-1* 
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e Offers the safety advantages of a selec- 
tive ocular beta-blocker 


è Does not significantly compromise heart 
rate or pulmonary function 


e CNS side effects are rarely reported 
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‘orally and BETOPTIC S Ophthalmic Suspension 0.25% should be observed for a potential additive 
<: effect either on the intraocular pressure or on the known systemic effects of beta blockade. Close 
observation of the patient is recommended when a beta blocker is administered to patients receiving 
_catecholamine-depleting drugs such as reserpine, because of possible additive effects and the 
| production of hypotension and/or bradycardia. Betaxolol is an adrenergic blocking agent. therefore, 
-< caution should be exercised in patients using concomitant adrenergic psychotropic drugs. Ocular: in 
> oopatients with angle-closure glaucoma, the immediate treatment objective is to reopen the angle by 
::: constriction of the pupil with a miotic agent. Betaxolol has tittle or no effect on the pupil. When 
> BETOPTIC S Ophthalmic Suspension 0.25% is used to reduce elevated intraocular pressure in angle- 
“closure glaucoma, it should be used with a miotic and not alone. Carcinogenesis, Mutagenesis, 
: impairment of Fertility: Lifetime studies with betaxolol HCI have been completed in mice at oral 
‘doses of 6, 20 or 60 mg/kg/day and in rats at 3, 12 or 48 mg/kg/day; betaxolol HC! demonstrated no 
carcinogenic effect. Higher dose levels were not tested. In a variety of ip vitro and in vivo bacterial and 
mammalian cell assays, betaxolo! HC! was nonmutagenic. Pregnancy: Pregnancy Category £. 
=: Reproduction, teratology, and peri- and postnatal studies have been conducted with orally 
: < admihistereg betaxolol HC! in rats and rabbits. There was evidence of drug related postimplantation 
Joss in rabbits and rats at dose levels above 12 mg/kg and 128 mg/kg, respectively. Betaxolo! HC! was 
“fot shown to be teratogenic, however, and there were no other adverse effects on reproduction at 
: ssgubtexie dose levels. There are no adequate and well-controlled studies in pregnant women. 
--°BETOPTIC S should be used during pregnancy only if the potential benefit justifies the potential risk to 
>o the fëtus. Nursing Mothers: it is not known whether betaxolol HCI is excreted in human milk. Because 
many drugs are excreted in human milk, caution should be exercised when BETOPTIC S Ophthalmic 
< Süspension 0.25% is administered to nursing women. Pediatric Use: Safety and effectiveness in 
= -ohildren have not been established. 
“ADVERSE REACTIONS: Ocular: in clinical trials, the most frequent event associated with the use of 
= BETOPTIG S Ophthalmic Suspension 0.25% has been transient ocular discomfort. The following other 
conditions have been reported in small numbers of patients: blurred vision, corneal punctate keratitis, 
foreign body sensation, photophobia, tearing, itching, dryness of eyes, erythema, inflammation, 
"discharge, ocular pain, decreased visual acuity and crusty lashes. Additional medical events reported 
with other formulations of betaxolol include allergic reactions, decreased corneal sensitivity, edema 
“and anisocotia, Systemic: Systemic reactions following administration of BETOPTIC S Ophthalmic 
- Suspension 0.25% or BETOPTIC Ophthalmic Solution 0.5% have been rarely reported. These include: 
“Gardiovasenlar: Bradycardia, heart block and congestive failure, Pulmonary: Pulmonary distress 
characterized by dyspnea, bronchospasm, thickened bronchial secretions, asthma and respiratory 
failure, Central Nervous System: Insomnia, dizziness, vertigo, headaches, depression, and lethargy. 
Other: Hives. toxic epidermal necrolysis, hair loss, and glossitis. 
OVERDOSAGE: No information is available on overdosage of humans. The oral LD50 of the drug 
tanged from 350-920 mg/kg in mice and 860-1050 mg/kg in rats. The symptoms which might be 
- expected with an overdose of a systemically administered beta-1-adrenergic receptor blocking agent 
_| vate bradycardia, hypotension and acute cardiac failure. A topical overdose of BETOPTIC S Ophthalmic 
_ | Suspension 0.25% may be flushed from the eye(s} with warm tap water. 
“CAUTION: Federal (USA) Law Prohibits Dispensing Without a Prescription. 
U.S: Patent Nos. 4,252,984; 4,311,708; 4,342,783,4,911,920. 
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The answer toa 
time-consuming task 


Credentials Verification — It's important to both 
physicians and those evaluating them. Now 
available in your area, the National Physician 
Credentials Verification Service, AMA/NCVS"" 
can make the process easier and better. 


Here's how 

For physicians: The AMA/NCVS sets up and 
maintains a permanent portfolio of verified 
information that can be used as the physician applies 
for licensure or privileges. The physician no longer 
needs to start from scratch each time an application 
is made. 


For hospitals/boards: The AMA/NCVS provides a 
summary report of core credentials that have been 
verified with primary sources. And for the core 
credentials it collects, the AMA/NCVS satisfies 
current standards defined in the Joint Commission 
Accreditation Manual for Hospitals for primary 
source verification. The credentials verifier no longer 
needs to reverify all information. 


The result 

It's called a win-win situation and, best of all, it’s 
operated by the most experienced provider of 
physician information: the American Medical 
Association. 


For information on the Service, contact your co- 
sponsoring Medical Society office or call the AMA 
at 1-800-677-NCVS. 


The AMA/NCVS — it means 
greater efficiency... quality assured. 


American Medical Association 





National 
Physician 
Credentials 
Verification 
Service™ 
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IN ANCILLARY ROOM 
EFFICIENCY! 


When the OMNI 360 Rotary Examination Center was first 
introduced, it was viewed as an innovative luxury. 
But today, with the soaring cost of office space 
and technician salaries, this exceptionally 
time & space efficient system has become a 
welcome necessity. 

Rather than having to move from one 
testing station to another, the OMNI 360 
allows your patient and technician to 
remain seated in one place, while any 
of four instruments is quickly rotated 
and locked into position between 
them. What's more, your entire 
pre-test lane will occupy a mere 
48 square feet! Add to that its 
computer-age styling that builds 
patient confidence and enhances 
any office setting, and we think 
you'll agree that OMNI 360 repre- 
sents a solid investment that will 3 
continue to pay profitable dividends. 





ISELL/DIVERSATRONICS, INC. 


OMNI 36 


A revolutionary idea whose time has come. 


isell diversatronics, 226 West Penn Street, Norristown, PA 19401 
Call toll-free: (800) 523-0265. In Pennsylvania call: (215) 277-5220 
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The High Cost of Professional Liability in the 1980s 


Chicago, Ill.—The average amount of professional liability 
insurance premiums paid by physicians increased at an annual 
rate of 15.1% from 1982 to 1989, reported a study by the 
Center for Health Policy Research of the American Medical 
Association (AMA). This rate of increase was greater than 
that of all other major components of medical practice costs. 

The report, entitled “The Cost of Medical Professional 
Liability in the 1980s,” stressed that the role of professional 
liability in contributing to health care costs is considerably 
understated by simply considering premiums. For example, 
“In 1989, total liability costs related to physician services 
were $20.7 billion, accounting for 17.6% of total expenditures 
on physician services. Of the $20.7 billion total, only $5.6 
... The preponderance of 
professional liability costs other than premiums were due to 
changes in practice patterns in response to the risk of liability 
(or ‘defensive medicine’), It seems likely that defensive medi- 
cine costs remain the dominant factor contributing to overall 
professional liability costs.” 

The report based its estimates of costs per physician on 
data collected from the AMA’s Socioeconomic Monitoring 
System (SMS) annual core surveys and a methodology devel- 
oped in an earlier SMS study. Aggregate professional liability 
cost estimates were extrapolated from estimates of the share 
of total costs per physician associated with professional liabil- 
ity based on the SMS data using statisties from the US Health 
Care Financing Administration (HCFA) on national expendi- 
tures on physician services. 

The report stated that “the average amount of premiums 
paid by physicians for professional liability insurance in- 
-= creased from $5800 in 1982 to $15 500 in 1989 for an annual rate 
. of increase of 15.1%.” Professional liability insurance premi- 
ums were compared with the following medieal practice cost 
components from 1982 to 1989: 


Annual Growth, % 


Practice Cost Components 
Professional liability 
insurance premiums 
Medical supplies 


15.1% 
12.2% 
9.4% 
9.2% 
8.3% 
7.2% 


Office expenses 
Miscellaneous 
Nonphysician payroll 
Physician payroll 
Medical equipment 


Since 1982, prices of all items (goods and services that are 
purchased by all consumers) have risen 28.9%, while physi- 
cian fees have risen 63.1% and professional liability premiums 
-have risen 167.2% (Figure). 

Typically, costs that impact physicians’ services are: 

1. higher professional liability insurance premiums; 

2. changes in practice patterns designed to reduce profes- 
sional liability risks, but that ultimately also affect fees and 
utilization levels for physicians’ services; and 

3. costs associated with incurring claims that are excluded 
from professional liability premiums.’ 





Julie Foreman, Section Editor 
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The most direct cost associated with professional liability is 
reflected in the premiums paid for liability insurance. Premi- 
ums are also the most readily measured professional liability 
cost. The result of these escalating costs, speculates Roger A. 
Reynolds, principal economist for the AMA's Center for 
Health Policy Research, is that, “unless significant tort re- 
form or an alternative system is put in place, the cost of 
professional liability, particularly defensive medicine costs, is’ 
going to be an important component of health care costs, and 
important in contributing to continuing high rates of growth 
of health care costs.” Although costs did go down in 1989, 
Reynolds stated, “they are still at a much higher level and are 
responsible for a much larger share of total health care costs 
than earlier in the ‘80s.” In 1989, total professional liability 
costs were at $20.7 billion, compared with $23. 1 billion in 1988 
and $22.6 billion in 1987. The decreases occurred exclusively 
in the costs other than those due to insurance premiums. 

Reynolds: further stated, “There is some belief that the 
development of practice parameters may cause some down- 
turn in the trend, but it is not clear that practice parameters, 
as they-are currently being developed, are going to be very 
useful in setting anew standard of care for legal purposes. So, 
until we understand the relationship that practice parameters 
may have in the future to liability issues, it is hard to say that 
there will be much change in the overall costs.” 

JULIE FOREMAN 


1. Reynolds RA, Rizzo JA, Gonzalez ML. The cost of medica! professional 
liability. JAMA., 1987;257:2776-2781. 
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Living With Low Vision: A Resource 


- < Guide for People With Sight Loss, 151 


: pp, Lexington, Mass, Resources for Re- 
habilitation, 1990, $35 plus $4.50 ship- 
ping and handling. 


This book is a resource for people 
with vision loss. It was published to 
inform patients who have vision loss 
about the many organizations and de- 
vices that exist to help them remain 
independent. Fortunately for patients 
who have vision problems, this guide is 


«printed in large type. 


-The book is divided into 11 chapters, 
which are written in a clear and suc- 
cinct style. Two appendixes are also 
included. 


“ ..a very useful resource for 
patients experiencing vision loss.” 


The first chapter describes the expe- 
rience of vision loss, the various reha- 
bilitation services and professional 
service providers available, and the 
ways to find them in the United States. 
Chapter 2 is about reading with vision 
less and details sources of large-print 
books and publications. In addition, it 
describes talking books (recordings) 
for use by print-handicapped individ- 
uals. Chapter 2 also stresses the im- 
portance of encouraging individuals 
with reduced vision to use whatever 
residual vision still exists in their eyes. 

Chapter 3 describes the vocational 
rehabilitation agencies that exist in 
each state and how one qualifies to re- 
ceive assistance from these agencies. It 
also includes a listing of organizations 
and publications that deal with the 
problems of working with vision loss. 
“High technology” aids are described 


in chapter 4. These are closed-circuit 


television systems and computers. The 
majority of patients with low vision 
problems may not need “high tech- 
nology” aids, but the listing is excel- 
lent. 

Chapter 5, “Making Everyday Liv- 
ing Easier,” describes the use of non- 
optical aids that emphasize the use of 
lighting and glare control indoors and 
the use of contrast control in everyday 
living as ways of coping with low 
vision. This chapter also describes 
many of the ingenious aids and devices 
that are available to patients with vi- 
sion loss. It also lists recreation facil- 
ities, camps, crafts, and physical fit- 
ness and travel organizations that 
could be of benefit to the patient with 
visual problems. 
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Self-help groups are described in 
chapter 6. Material on where to find a 
self-help group or how to start one is 
included. Chapters 7, 8, and 9 detail 
services for the elderly, children, ado- 
lescents, and veterans. 

Chapter 10 describes services for 
people who have both vision loss and 
hearing loss. These individuals have 
special needs and this chapter lists the 
organizations best able to help these 
patients. The final chapter profiles the 
special services and products that are 
available for specific ocular diseases. 

Appendix A lists the state agencies 
for visually impaired and blind indi- 
viduals, and appendix B describes the 
division offices of the Canadian Na- 
tional Institute for the Blind. 

My criticisms of this book are few. 
The chapters are presented numeri- 
cally in the Table of Contents but are 
not enumerated in the text. A patient 
with visual problems might have diffi- 
culty finding the correct chapter. In 
addition, a listing of the low-vision 
centers in the United States would 
have been helpful, but its addition 
would have lengthened the book con- 
siderably. 

Living With Low Vision is a very 
useful resource for patients experienc- 
ing vision loss. However, this book 
would also be important to a social 
worker or occupational therapist who 
works with patients with visual dis- 
abilities. I recommend it for the pro- 
fessional or nonprofessional who is 
working in the area of low vision as 
well as for those individuals with vi- 
sion problems. 

JoEL Kraut, MD 
Boston, Mass 


New Methods of Sensory Visual 
Testing, edited by Michael Wall and 
Alfredo A. Sadun, 137 pp with illus, New 
York, NY, Springer-Verlag NY Inc, 1989, 
$49.95. 


In recent years, a variety of new 
methods and instruments to assess vi- 
sual function that may aid in under- 
standing, diagnosing, and treating eye 
disorders have been described. For 
these methods and instruments to be 
used effectively, their scientific basis 
and clinical validity (ie, sensitivity and 
specificity) must be evaluated. New 
Methods of Sensory Visual Testing at- 
tempts to do this. However, the seven 
chapters, each of which describes a vi- 
sion assessment method or test, vary 
in quality and discuss only a limited 


number of the diverse new methods. 
and instruments featured in the recent 


literature. 

Three of the seven chapters are 
exemplary in presenting the relevant 
background and clinical validity of the 
tests discussed. The chapter by Bren- 
ton et al, on critical flicker fusion 
reviews the parameters that. affect it 
and reports on the authors’ test of 
foveal critical flicker fusion, including 
data on its sensitivity and specificity. 
Chapter 5 by Ogden and Basil system- 
atically reviews new methods in clini- 
cal electrophysiology and reports on 
the authors’ system for local elec- 





“... chapters... vary in quality 
and discuss only a limited number 
of...new methods and instru- 
ments... .” 





troretinography and visual evoked po- 


tential recording. Despite its overall 


high quality, the discussion of eleċtro-. 
physiologic methods to assess infants 


is too selective and biased toward test- 
ing with chloral hydrate sedation. 
Chapter 7 by Mills laudably fulfills the 
promise of its title, “Automated Pe- 
rimetry: Theoretical and Practical 
Considerations.” 

In comparison, the four remaining 
chapters are weak. In two of them, the 
reviews of basic and clinically relevant 
research are uncritical, repetitive, and 
clinically not well oriented. In all four 
of these chapters, important informa- 
tion about the clinical validity of tests 
is lacking. For example, in chapter 4, 
the efficiency of contrast sensitivity 
testing in different ocular disorders is 
not clearly indicated, and the authors 
do not indicate which types of instru- 
ments and testing techniques are pre- 
ferred. No data are presented on the 
factors that affect the clinical utility of 
this complex measure, such as popula- 
tion variability and changes with ag- 
ing. In chapters on newer tests, for 
which few data from patients exist, the 
clinical value of the test is not consid- 
ered thoroughly or critically. In chap- 
ter 2 by Sadun, data are presented 
suggesting “brightness sense to be an 
extremely sensitive measure of optic 
nerve function in patients.” Although 
this may be true, the obvious limita- 
tion of the test as described is not in- 
dicated. The test uses differences in 
light transmissivity of polarized fil- 
ters that give an equal subjective. 


brightness percept in each eye and- 


therefore cannot be sensitive to bilat- 
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eral, symmetric, ocular disease. Chap- 
ter 6 by Wall describes a method to test 
at visibility threshold using the Am- 
sler grid, and reports data indicating 
that the test may be more sensitive to 
central visual field defects than to pe- 
rimetry. However, no information is 
provided on the specificity of the 
method or its limitations. 

In part, these weaknesses may be 
due to inadequate editorial direction. 
In a book of this type (not scientifically 
reviewed), the editors are responsible 
for consistency of ferm; content, and 
scope. Poor editorial attention is evi- 
dent in the large number of typograph- 
ical errors. In chapter 6;.a number of 
figures are mislabeled in the text. 

Finally, this book underrepresents 
the diversity of new sensory tests that 
have proven or potential clinical util- 
ity. A partial list of other new sensory 
tests for clinical application that are at 
least as well studied as the newer tests 
described in this book include blue 
cone sensitivity and vernier acuity or 
hyperacuity, tests that utilize remote 
optical systems to image the fundus, as 
well as tests that sample at specific 
retinal locations. 

D. Luisa MAYER, PHD 
Boston, Mass 


Binocular Vision and Ocular Motil- 
ity: Theory and Management of Stra- 
bismus, 4th ed, by Gunter K. Von Noor- 
den, 557 pp with illus, St Louis, Mo, CV 
Mosby Co, 1990, $92. 


This is the fourth edition of the 
Burian-Von Noorden classic on binoc- 
ular vision and ocular motility. This 
time, however, the late Dr Burian’s 
name has been dropped from the title 
because, as stated in the preface by Dr 
Von Noorden, it is not clear that the 
views expressed in this latest edition 
would have been shared by Dr Burian. 
I believe that there is little to fear in 
this respect. 


“it would be difficult to find a 
better reference book to read and 
refer to often.” 





A change in this edition is the exclu- 
sion of the chapter on neuroanatomy of 
the motor system of the eyes. This is 
appropriate since a short chapter can- 
not do justice to such a complex sub- 
ject. Apart from this, the fourth edi- 
tion does not differ in any major way 
from its predecessor. The first part of 
the book is concerned mainly with the 
physiology of eye movements related 
to visual function. The next section 
deals in fairly general terms with neu- 
romuscular anomalies of the eyes. The 
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book then becomes more practical, 
with a section on the clinical charac- 
teristics of neuromuscular anomalies 
of the eye. Finally, there is a section on 
principles of therapy, both nonsurgical 
and surgical. 

The fourth edition includes refer- 
ences to some relatively new tech- 
niques, such as positron emission to- 
mography, and to work on experimen- 
tal amblyopia and structural changes 
in the lateral geniculate nucleus. The 
use of botulinum in clinical cases is 
mentioned briefly, with the caveat that 
it is not yet clear how useful it will be 
in actual practice. Questions might be 
raised about some of the author’s pref- 
erences, for example, his use of the 
“Faden” procedure. However, the ex- 
tensive clinical experience and exper- 
tise of the author shows clearly in this 
book. Dr Von Noorden has a solid, 
down-to-earth approach to diagnosis 
and treatment, combined with a will- 
ingness to question old habits, and the 
ability to cast a critical eye on claims 
for new approaches and techniques. 
Younger surgeons would do well to 
study his approach carefully. 

For the more experienced physician, 
who already has an earlier edition of 
this book, this fourth edition offers 
some modest changes and more up-to- 
date references. For the beginning stu- 
dent of this subject, it would be diffi- 
cult to find a better reference book to 
read and refer to often. 

STEPHEN J. FRICKER, MD 
Boston, Mass 


Retinal Detachment, by Ronald G. 
Michels, Charles P. Wilkinson, and Tho- 
mas A. Rice, 1138 pp with black-and- 
white illus, St Louis, Mo, CV Mosby Co, 
1990, $145. 


This major new text splendidly ac- 
complishes the authors’ goal of pro- 
viding a single source that describes 
“...the pathogenesis and manage- 
ment of retinal detachment.” A large, 
single-volume text, the book covers all 
of the major aspects of this topic in 17 
well-organized chapters, each com- 
plete with a summary and extensive 
bibliography. The 1846 illustrations 
alone make up a beautiful and valuable 
atlas of black-and-white drawings, 
photographs, fluorescein angiograms, 
and light and electron micrographs. 

Detailed descriptions of the anat- 
omy, pathophysiology, and precursors 
of retinal detachment are presented in 
a concise and readable format, and are 
followed by comprehensive and invalu- 
able discussions of the available tech- 
niques for surgical repair. These in- 


clude the more commonly employed 
techniques of scleral buckling with 
silicone implants and explants, as well 
as various alternative methods, such 
as the use of pneumatic retinopexy and 
episcleral balloons. A substantial por- 
tion of the text is devoted to the dis- 
cussion of primary and secondary vit- 
rectomy, and adjunctive techniques, 


“Ophthalmologists of all spe- 
cialties and levels of training are 
likely to find interesting and useful 
information within this text.” 





such as retinal cryopexy, laser photo- 
coagulation, expandable gases, and in- 
traocular silicone oil, are well de- 
scribed. An enjoyable chapter on the 
history of retinal detachment surgery 
has also been provided. 

Ophthalmologists of all specialties 
and levels of training are likely to find 
interesting and useful information 
within this text. The outstanding 
chapters on preoperative and postop- 
erative treatment are comprehensive 
and are strongly recommended to all 
residents and students of ophthalmol- 
ogy. Anterior segment surgeons may 
find the information regarding retinal 
detachment following cataract extrac- 
tion and neodymium-YAG capsulot- 
omy most useful, while vitreoretinal 
surgeons will undoubtedly value the 
authors’ knowledgeable observations 
and recommendations regarding the 
management of complicated forms of 
retinal detachment. Practical and 
comprehensive advice is also provided 
regarding the prophylaxis of retinal 
tears and retinal detachment. 

As with all texts of this kind, it is 
difficult to remain completely up to 
date in this highly technical field, and 
descriptions of some of the more mod- 
ern vitrectomy units, illuminated in- 
traocular instruments, and surgical 
adjuncts, such as the perfluorocarbon 
liquids, are lacking. In addition, while 
a very complete description of the 
technique of “segmentation” of dia- 
betic fibroproliferation membrane is 
provided, the discussion of an alterna- 
tive and commonly employed tech- 
nique of en bloc resection is limited to 
a single paragraph. 

Overall, however, the authors are to 
be congratulated for providing a com- 
prehensive and much-needed treatise 
on the current knowledge of retinal 
detachment. This book is likely to be- 
come a classic in the field of vitreoret- 
inal surgery and disease. 

MARYANNA Destro, MD 
Boston, Mass 
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-Questions and Answers 
_ Edited by Stewart MacKay Wolff, MD 





The rapid and complex advances in ophthalmic science make it difficult to keep up with the many changes 
that are occurring in our specialty. The ARCHIVES solicits your questions and requests that they be clearly 
stated and reasonably focused. We cannot expect cur consultants to respond to questions that are too wide 


ranging and not clearly define 





ed. Please limit your questions to five or six double-spaced lines and follow the 


guidelines put forth in our “Instructions for Authors” (see Table of Contents for issue information). A signed 





copyrt 


ut transmittal letter to the AMA should accompany all submissions. We have asked our refe: 


to 





limit their answers to 35 lines. Questions should be sent to Stewart M. Wolff MD, 11 E Chase St, Baltimore, 
MD 21202. We will do our best to provide answers to all appropriate questions. 


_ Treatment of Choroidal Metastases 










A patient who underwent a mastectomy for breast cancer 

_ 7 years ago has an amelanotic choroidal tumor nasally. 
-There is surrounding subretinal fluid. Standard echography 
‘shows high internal reflectivity. The lesion is 2 mm high. The 
patient is asymptomatic. Should all choroidal metastases be 
treated? 





ANDREW P. SCHACHAT, MD 
Baltimore, Md 


There are a number of potential pitfalls in the manage- 

ment of suspected choroidal metastases. ' In our experi- 
ence, as many as 10% of patients with uveal melanoma have 
had systemic malignancies. Often, a history of cancer has led 
the ophthalmologist to an incorrect. diagnosis of a choroidal 
metastasis when the patient has an amelanotic choroidal mel- 
anoma. As many as 30% of uveal melanomas are amelanotic, 
and, unlike metastases that have predilections for the macu- 
lar and peripapillary areas, primary choroidal melanomas 
may occur anywhere in the uveal tract. 

-Ina patient with a newly discovered amelanotic choroidal 
mass and a history of systemic neoplasia, a complete medical 
evaluation, including magnetic resonance imaging of the 
brain, is indicated. The question posed is really threefold: (1) 
Is this a metastastic lesion? (2) Is the mass focal or a manifes- 
tation of widespread disease? (3) Is there contiguous brain 
involvement that would have important ramifications if radia- 
tion therapy were indicated? 

Melanomas, in contrast to metastases, usually do not pro- 
duce subretinal fluid when they are only 2 mm thick. The 
aceuracy of ultrasonography of such a thin lesion is not very 
good, and the high reflectivity, while not consistent with a 

- melanoma in a 5-mm-thick lesion, can be present in one this 
“thin, 
In the case described, I would obtain a fluorescein angio- 
gram. We have monitored some metastatic lesions that do not 
distort. vision, and they may remain stationary or even spon- 
taneously involute. Usually, if clinically detectable subretinal 
fluid is present, it will result in visual symptoms, and inter- 
vention is needed. If this is an isolated lesion, and a focal 
source of leakage is responsible for the exudative detach- 
ment, I would try laser therapy. If the mass is a component of 
widespread metastases, I would monitor its response to sys- 
temic chemotherapy. If the lesion continues to grow and no 
evidence of other sites of metastatic disease is present, I 
would consider fine-needle aspiration biopsy (unless the ul- 
trasonographic pattern of the thicker mass was diagnostic of 
~ Metastases) prior to irradiation of the tumor with an external 


¿=< photon beam. Fortunately, the outcome for the patient, in 
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ad 
terms of vision, is excellent in this situation, and we have 
some patients with “isolated” choroidal metastases who have 
lived for several years after diagnosis. 

DEVRON H. CHAR, MD 

San Francisco, Calif 


L Char DH. Clinical Ocular Oncology, New York, NY: Churchill Living- 
stone Ine; 1989:143-144. 


Acyclovir in Herpes Simplex Keratitis 


Are there any indications for administration of oral acycto- 
Q vir in the treatment of primary herpes simplex virus kerati-. 
tis or recurrent herpes simplex virus keratitis infection? 
ROBERT D. BELLINOFF, MD 
Stockton, Calif 


A A simple dendritic keratitis caused by herpes simplex 

virus infection, with or without significant stromal ker- 
atitis, can be treated with topical 1% trifluridine solution 
administered every 2 hours, seven times per day. If no re- 
sponse is seen in 1 week, a resistant virus may be present, and. 
a different topical antiviral agent or oral acyclovir should be 
used. 

Recalcitrant epithelial keratitis, stromal keratitis, and es- 
pecially keratouveitis often fail to respond to topical trifluri- 
dine alone or in combination with steroids and cycloplegies. In 
these cases, administration of oral acyclovir should be added 
to current treatment.’ Oral acyclovir is particularly helpful 
when treating patients with true primary herpes simplex 
keratitis who present with fever, malaise, lid vesicles, and 
enlarged preauricular nodes. 

It is also very helpful in treating immunocompromised 
patients; patients with eczema herpeticum; patients previ- 
ously treated with topical or systemic corticosteroids; and 
patients with herpes simplex type II virus infection.’ Over the 
past few years, I have found oral acyclovir to be of great 
assistance in these difficult cases, and I have used it quite 
often. 

In most cases, the 200-mg dose of oral acyclovir is given five 
times a day for 14 to 21 days. The dose may then be tapered. 
Other than causing gastrointestinal distress, the drug is well 
tolerated. Because it is exereted by the kidneys, the amount 
of oral acyclovir given should be reduced in patients who have 
renal failure and creatinine clearance of less than 0.84 mL/s. 

RICHARD W. DARRELL, MD 
New York, NY 


1. Sehwab IR. Oral acyclovir in the management of herpes simplex ocular 
infections, Ophthalmology. 1988:95:423-430, 

2. Margolis TP, Ostler HB. Treatment of ocular disease in eczema herpéti- 
eum. Am d Ophihalmol. 1990;110:274-279. 
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News and Comment 


Publication Available.—The 1990 
edition of the booklet Clinical Trials 
Supported by the National Eye Insti- 
tute: Evaluating New Approaches to 
the Treatment of Eye and Vision Disor- 
ders is now available. This 117-page 
publication summarizes essential infor- 
mation on 22 National Eye Institute- 
supported clinical tals, and includes 
recently reported findings from the fol- 
lowing four clinical trials: the Fluoro- 
uracil Filtering Surgery Study, the 
Early Treatment Diabetic Retinopathy 
Study, the Sorbinil Retinopathy Study, 
and the Prism Adaptation Study. The 
National Eye Institute hopes that this 
publication will give eye care specialists 
the necessary information to consider 
referring appropriate patients to ongo- 
ing clinical trials. To obtain a copy of the 
beoklet, write to: Judith Stein, Chief, 
Scientific Reporting Section, National 
Eye Institute, Building 31, Room 6A32, 
Bethesda, MD 20892. 


Harry A. Quigley, MD, Named Di- 
rector of Dana Center.—Harry A. 
Quigley, MD, has been named director 
of the Dana Center for Preventive Oph- 
thalmology at the Wilmer Eye Institute 
at The John Hopkins Hospital, Balti- 
more, Md. Dr Quigley will continue clin- 
ical activities as codirector of the Glau- 
coma Service and will finish a 5-year 
term as secretary/treasurer of the As- 
sociation for Research and Vision in 
Ophthalmology this year. The Dana 
Center has carried out research in on- 
chocerciasis, trachoma, cataract, macu- 


Harry A. Quigley, MD 
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lar disease, glaucoma, and blindness 
due to vitamin A deficiency, and has 
ongoing studies both in the United 
States and at several international 
sites. 


John L. Wobig, MD, Appointed 
First Recipient of Lester T. Jones En- 
dowed Professorship; Roger A. Dai- 
ley, MD, and Laura Christensen, MD, 
Named Assistant Professors.—John 
L. Wobig, MD, has been appointed the 
first recipient of the Lester T. Jones 
Endowed Professorship in Ophthalmic 
Plastic and Reconstructive Surgery at 
the Casey Eye Institute at the Oregon 
Health Sciences University in Portland. 
This chair was established in 1990 in 
honor of Lester T. Jones, MD, one of 
the founding fathers of lacrimal and re- 
constructive surgery. Dr Wobig was 
trained by and worked with Dr Jones for 
10 years and was on the clinical faculty 
of the Oregon Health Sciences Univer- 
sity before accepting the full-time posi- 
tion as director of the Ophthalmic Plas- 
tic and Reconstructive Surgery Ser- 
vice. 

Joining Dr Wobig in the ophthalmic 
plastic and reconstructive surgery de- 
partment as assistant professor is Rog- 
er À. Daily, MD. Dr Daily completed his 
ophthalmology residency at the Oregon 
Health Sciences University. His resi- 
dency was followed by a fellowship with 
Dr Wobig. 

Laurie Christensen, MD, has ac- 
cepted a position as assistant professor 
of ophthalmology and will be joiming 
Earl A. Palmer, MD, in the pediatric 
ophthalmology department at the Ca- 


John L. Wobig, MD 





sey Eye Institute. Dr Christensen com- 
pleted her ophthalmology residency at 
the University of lowa and did her pedi- 
atric ophthalmology fellowship at Chil- 
dren’s Hospital in Los Angeles, Calif. 
She was a member of the ophthalmology 
faculty at the University of Southern 
California prior to coming to Portland. 


Craig McKeown, MD, Named Di- 
rector of Pediatric Ophthalmology 
and Ocular Motility Service. ~Craig 
McKeown, MD, has been appointed di- 
rector of Pediatric Ophthalmology and 
Ocular Motility Service at the Massa- 
chusetts Eye and Ear Infirmary in Bos- 
ton. Dr McKeown was formerly a mem- 
ber of the ophthalmology staff at the 
Cleveland (Ohio) Clinic Foundation. He 
earned his medical degree from North- 
western University, Chicago, Ill, and 
finished his residency in ophthalmology 
at the Walter Reed Army Medical Cen- 
ter in Washington, DC. Dr McKeown 
completed two fellowships in Pediatric 
Ophthalmology and Strabismus at the 
Wilmer Eye Institute of The Johns Hop- 
kins University School of Medicine in 
Baltimore, Md, and at Children’s Hospi- 
tal National Medical Center in Wash- 
ington, DC. 


United States Pharmacopeial Con- 
vention (USP) Inc Names Advisory 
Panel on Ophthalmology. — A new ad- 
visory panel of experts in ophthalmolo- 
gy has been appointed by the USP to 
work in its drug information (DD devel- 
opment programs. The USP Advisory 
Panel on Ophthalmology is one of 33 
expert advisory panels that contribute 
to the USP DI database. During its 
1990-1995 term, the panel will help de- 
termine the contents of the USP DI da- 
tabase and will provide input relating to 
the clinical aspects of the USP’s work in 
the area of drug standards and informa- 
tion. The USP DI database addresses 
the information needs of both the health 
care provider (Drug Information for the 
Health Care Professional, USP DI, Vol 
1) and the consumer (Advice for the Pa- 
tient, USP DI, Vol 2). The panel mem- 
bers are: Herbert E. Kaufman, MD, 
Chairman; Steven R. Abel, PharmD, 
Indianapolis, Ind; Jules Baum, MD, 
Boston, Mass; Steven Drance, MD, 
Vancouver, British Columbia; Lee R. 
Duffner, MD, Hollywood, Fla; David 
L. Epstein, MD, Boston, Mass; Allan J. 
Flach, MD, RPh, San Francisco, Calif; 
Vincent H. L. Lee, PhD, Los Angeles, 
Calif; Steven M. Podos, MD, New 
York, NY; David S. Rootman, MD, 
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‘Toronto; Ontario; Kirk R. Wilhelmus, 
MD, Houston, Tex: and Thomas J. 
Zimmerman, MD, Louisville, Ky. Drs 
Epstein and Podos are members of the 
<= ARCHIVES editorial board. 





Jack M. Dodiek, MD, Named Presi- 
dent-Elect.—Jack M. Dodick, MD, of 
New York, NY, was recently desig- 
nated president-elect of the American 
Society of Cataract and Refractive Sur- 


gery. He is currently chairman of the 
Department of Ophthalmology at the 
Manhattan Eye, Ear, and Throat Hos- 
pital in New York. 





Obituary 
Ronald G. Michels, MD, 1943-1991 


Ronald G. Michels, MD, interna- 
tionally known for his excellence as a 


«= vitreoretinal surgeon, teacher, and au- 


- thor, died.on January 15, 1991, of cardi- 
ac complications while awaiting a heart 
transplant. He was 47. 
~~ Dr. Michels was one of the finest phy- 
sicians ever produced by The Johns 
Hopkins Hospital in Baltimore, Md. 
Most ophthalmologists would agree 
that he was among the preeminent 
vitreoretinal surgeons in the world. His 
death is a great loss not only to his fam- 
ily and friends, but to the city of Balti- 
more, the Johns Hopkins community, 
and to all those who might have bene- 
fited from his tremendous talent and 
intelligence. 

William James, a 19th century Amer- 
ican psychologist and philosopher, said, 
“The greatest use of life is to spend it for 
< something that outlasts it.” Dr Michels 
did exactly that. Thousands of patients, 
“Including athletes and political leaders, 
benefited from his skills as a surgeon 
and healer. He was generous with his 
talents, traveling the world to teach his 
colleagues about new surgical tech- 
niques, instruments, and therapies that 
he had pioneered. His two textbooks 
(Vitreous Surgery, CV Mosby Co, St 
Louis, Mo, 1980; and Retinal Detach- 
ment, CV Mosby Co, 1990) have not 
only received awards for illustration 
and writing, but have become the fore- 
most texts in vitreoretinal ophthalmic 
surgery today. 


-< Dr Michels was born on September 


12, 1943, in Detroit, Mich, and raised in 
~ Henderson, NC, the first of Dr Glenn E. 
and Jean Michels’ three sons. After re- 
ceiving his bachelor of science degree in 
medicine in 1965 and his medical degree 
in 1968 from the University of North 
Carolina, Dr Michels married Alice M. 
Roberts. They traveled north to Balti- 
more, where he completed his intern- 
ship in medicine at The Johns Hopkins 
Hospital in 1969 and his residency at the 
Wilmer Eye Institute at The Johns 
Hopkins Hospital in 1972. 
From 1972 to 1973, Dr Michels briefly 
left The Johns Hopkins Hospital to be a 
“fellow in retina and vitreous diseases 
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and surgery at the Bascom Palmer Eye 
Institute of the University of Miami 
(Fla). The next year, he returned to the 
Wilmer Institute to serve as chief resi- 
dent and instructor of ophthalmology. 
At the Wilmer Institute, he quickly rose 
through the academic ranks, becoming 
an assistant professor in 1974, associate 
professor in 1976, and professor in 1983. 
He served as deputy director of the Wil- 
mer Institute from 1979 to 1989, when 
he became codirector of the Retina Cen- 
ter at St Joseph Hospital in Towson, 
Md. He remained on the faculty of The 
Johns Hopkins Hospital until his death. 

It is difficult to find a place in this 
world that has not profited from the 
expertise of Ron Michels. His duties asa 
visiting professor took him from China 
to South America and from Saudi Ara- 
bia to Australia. Well regarded by his 
peers, Dr Michels belonged to many 
professional societies, including the 
American Ophthalmology Society and 
the American Academy of Ophthalmol- 
ogy. As a consultant, Dr Michels ad- 
vised the National Eve Institute, the 
National Naval Medical Center, and the 
Surgeon General of the US Air Force. 
Dr Michels served on a number of com- 
mittees and advisory councils, both na- 


tionally and intergationally. In addition 
to authoring 280 professional studies 
and book chapters, Dr Michels was on 
the editorial boards of several peer-re- 
viewed journals. 

The American Academy of Ophthal- 
mology gave Dr Michels an Award of 
Merit in 1978 and a Senior Honor Award 
in 1989 for his teaching efforts. He re- 
ceived the Myers Honor Award for Dis- 
tinguished Research in Ophthalmology 
in 1979 and the Heed Foundation Award. -< 
for Outstanding Contributions to Oph- 
thalmology in 1980. 

Dr Michels always strove for the best. 
He was a keen competitor, focused arid 
well organized, and known for his com- < 
passion and strong sense of duty. Al- 
though extremely hard working, heal- 
ways found time for his family, his 
friends, and his faith. This was evi- 
denced by the nearly 1000 people who 
attended his funeral. 

After his death, the family of Dr Mi- 
chels found a letter he had written in the 
third person about how a successful, 
world-respected physician, blessed be- 
yond his needs, was 

. at peace with himself and for the most 
part with the world... . This man felt in- 
vigorated and invincible. But now sudden- 
ly, he faced the issue of his own mortality. 
For the first time he was really tested. This 
man was to quickly learn that he was the 
least among men and that he typified the 
unprofitable servant. 

I know well that of which I speak, for I 
am that man. 


Dr Michels is survived by his wife, 
Alice; a son, James Randolph, aged 15 
years; a daughter, Allison Jeanine, aged 


12 years; his parents, Dr Glen E. and. 


Jean Michels of Henderson, NC; and 
two brothers, Dr Dennis L. Michels of 
Kinston, NC, and Dr Gary E. Michels of 
Greenville, NC. 
Wa rer J. Stark, MD 
Baltimore, Md 


A memorial service for Dr Michels will be held on 
Thursday, April 25, 1991, at noon, during the 50th 
Anniversary Meeting of the Wilmer Residents As- 
sociation at the Johns: Hopkins Medical Institutions 
in Baltimore, Md. Please call (301) 955-2830. for 
more information. 
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: Our Future Colleagues 


)phthalmologists have been giving a considerable 

“amount of attention to the way that our specialty 
will be practiced in the future. Essentially all of the 
discussion relates to the external environment: new 
scientific discoveries, modifications in the health care 
provision system, how we are compensated, and the 
legal and regulatory conditions under which we shall 
function. Little thought has been given to the emerging 
internal environment. What will the ophthalmologists 
of the future be like? 

This question can be answered in part by examining a 
database developed by the Association of American 


< Medical Colleges. The Association of American Medical 
_ Colleges annually sends a detailed questionnaire to 


each graduating medical student and stores the re- 


sponses for computer analysis. Approximately 15 600 
=- questionnaires were sent, with a response rate of 


71.5%. This report is based on a subset of those data 
from students who were to be graduated from medical 
school in 1989 and who indicated that their first choice of 
specialty was ophthalmology; they constituted 3% of 
the respondents. Interesting comparisons can be made 
with the responses of all graduating students as a 
whole, 97% of whom did not intend to become 


3 ophthalmologists. 


-The decision to enter ophthalmology does not seem to 


have been driven by a disproportionate desire for pecu- 


. nlary gain. The intellectual content of the specialty was 


_ cited as the first reason for specialty selection by 32.5% 
_ of the students choosing ophthalmology and by 29.8% of 
_ all students. The second factor cited was the example 


: provided by a physician in ophthalmology (15.3%). Only 
::1.2% cited good income relative to other specialties as 


the primary reason for choosing ophthalmology, a fig- 
ure similar to that of the student group as a whole 
(0.6%). 


It-looks as though we continue to attract physicians - 


who are at least as cognitively oriented as they are 


_ procedurally oriented. Of those who seriously consid- 
- ered another specialty, the most frequent choice was 


_ internal medicine and its subspecialties (26.6%), a 
_ choice quite similar to that made by all the pea eee 


oe (22.2%). 
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A disproportionate share of our future colleagues 
seem to want to minimize demands on themselves. Of 
those who seriously considered another specialty and 
then rejected it, 31% cited excessive demands on time 


and effort as the first factor for rejecting it. Only 18% of - 
the students as a whole listed this as the primary factor __ 


in rejecting another specialty. This difference i is statis- 
tically significant (P<.0D. ; = 


We can expect to be working with a scholarly group. 


Independent study for credit was done by 40% of the __ 
future ophthalmologists as opposed to only 28% ofall _ 


students (P<.01). The percentages for those who 


served as an investigator in a research project were 
74%, compared with 47% for all graduating students 
(Ps.01), and for authorship of a published report, 57% 
vs 30% (P.01). They clearly expect to continue this. 

scholarly bent: 34% aim for a full-time academic posi- — ~ 
tion. The similar figure for all studentsis 30.1%, andthe- 
difference is not statistically significant. : 

These young people have put forth a tremendous 

amount of effort, time, and money to pursue a career in 
our specialty. Nearly 41% of the applicants applied to 26 
or more programs. Only 11% of all the graduating medi- 
cal students applied to that many programs (P<.01), 


However, those applying for ophthalmology residen- — _ 


cies were not away from medical school for interviews 
significantly more than the students as a whole 
(t= 1.53). 

The students had positive feelings about the Ophthal- 
mology Matching Program. Seventy-eight percent of 
those who matched considered it to be advantageous, as 
did 65% of those who did not. 

Students will leave medical school with considerable 
indebtedness. Of those students who were in debt, the 
average amount was $39 000. Those who are fortunate 
enough to be able to defer payment until they enter 
practice will find the amount of that debt substantially 
increased by the accumulating interest. They will clear- 
ly expect substantial incomes to retire that debt while 
they are at the same time attempting to establish their 
permanent households and rear their families. 

There will be more Asians/Pacific Islanders among us 
and fewer blacks than we might expect. While the 
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former group p made 3 up 7.7% of all graduating medical 
_ students, nearly 12% planned on careers in ophthalmol- 


_ ogy (PS<.05). Blacks represented 4.6% of all graduates, 


but only 3% planned on specializing in ophthalmology 
(P.05). 

We shall not have as many female colleagues as their 
numbers in medical school suggest. While only one 
fourth of the future ophthalmologists will be women, 
one third of the graduating medical students are women 
(Ps.01). 

Forty-four percent of the graduates were already 
married or engaged, and 20% of the spouses or spouses- 
to-be were physid¢ians. These are people who already 
<- have the responsibilities of a marriage and the complex- 

< ities of a two-career household. 
We can expect our future colleagues to be scientifical- 
-Iy well trained and academically oriented. In great part 
_ they have chosen our specialty because of its intellectu- 
_-alcontent and the example provided by an ophthalmolo- 
gist. While future income has not been a major motivat- 





ing force, the amount of their debt, as well as the 
sacrifices they will make pursuing their education, wil 
lead to their expectation of substantial income. Many 
future ophthalmologists will be women who will at- 
tempt to balance their professional activities with the 
biological facts of motherhood. A large number will be 
members of two-career marriages who will face major 
problems i in finding appropriate positions for the “trail- 
ing spouse” and difficulties in arranging personal 
schedules. 
Times are changing. 


JOEL G. SACKS, MD 
Cincinnati, Ohio 


Access to the database was provided by the Section for Student and 
Educational programs, Association of American Medical Colleges, 
One Dupont Circle NW, Washington, DC 20036. 

The statistical analysis was performed by Philip L. Szenas, MS, of 
the Association of American Medical Colleges: 


Currently in Other AMA Journals 


ARCHIVES OF OTOLARYNGOLOGY —HEAD & NECK SURGERY 


Fellowship Proliferation, I: Impact and Long-range Trends 
Byron J. Bailey, MD (Arch Otolaryngol Head Neck Surg. 1991;117:147-148) 


Vasoconstrictors in Facial Plastic Surgery 


Donnal J. Millay, MD; Wayne F. Larrabee, Jr, MD; Randall L. Carpenter, MD (Arch Otolaryngol 


Head Neck Surg. 1991;117:160-163) 


Scar Revision 


Dana Wolfe, MD, Terence M. Davidson, MD (Arch Otolaryngol Head Neck Surg. 1991;117:200- 


204) 
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_A Prospective Study of Acute Central 
i etinal Artery Obstruction 


AS Jays. Duker, MD; Arunan Sivalingam, MD; Gary C. Brown, MD; Ruth Reber 


+ -We conducted a prospective study 
to determine the incidence of ocular neo- 
vascularization following acute central 
retinal artery obstruction. Only patients 
initially evaluated within 7 days of visual 
loss were eligible. Any patient with pre- 
existing ocular neovascularization or 
clinical evidence of the ocular ischemic 
syndrome noted at the initial evaluation 


| Was excluded. During the 18-month 
_ study, 33 consecutive patients were en- 
rolled. Six patients subsequently devel- 
`- oped neovascularization of the iris, an 











- incidence of 18.2%. In these six patients, 


- neovascularization of the iris appeared 


as early as 12 days to as late as 15 weeks 
-= following the artery obstructions. Five of 
the six patients (15.2% of the total) later 
developed neovascular glaucoma. An- 


“ssociation between acute central 
"retinal artery obstruction (CRAO) 
< and secondary glaucoma was initially 


» reported by Loring in 1874.’ In 1905, 


. Coats’ identified a fibrovascular iridic 
membrane as the probable cause of the 

elevated intraocular pressure in such 

patients. 

=> “The incidence of neovascularization 

- Of the iris (NVI) and subsequent neo- 





Accepted for publication August 23, 1990. 

“From the Retina Vascular Unit, Wills Eve 
Hospital, Thomas Jefferson University, Philadel- 
phia, Pa. Dr Duker is now with Retina Asso- 
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other patient in this series developed 
neovascularization of the optic disc with- 
out neovascularization of the iris, an inci- 
dence of 3.0%. Only two of the seven 
patients with ocular neovascularization 
had ipsilateral hemodynamically signifi- 
cant carotid artery disease as deter- 
mined by noninvasive carotid artery test- 
ing. This study confirms results of 
previous retrospective studies that the 
incidence of ocular neovascularization 
after central retinal artery obstruction is 
higher than commonly thought. It also 
shows that, in the majority of cases, 
carotid artery disease is not responsible 
for the neovascularization seen after 
central retinal artery obstruction. 
(Arch Ophthalmol. 1991;109:339-342) 


vascular glaucoma (NVG) following 
acute CRAO is widely accepted to be 
between 1% and 5%. This conclusion is 
based on the results of two retrospec- 
tive studies conducted prior to the 
1980s. The first is a report by Bene- 
dict,’ published in 1949, of 132 retinal 
artery obstructions examined at the 
Mayo Clinic, Rochester, Minn, during 
the first half of the 20th century. In 
this study, only one case of subsequent 
NVG was detected, an incidence of 
0.76%. Both central and branch retinal 
artery obstructions were present in 
the 132 eyes studied, however, and no 
breakdown of the percentage of each 
type of obstruction was given. In addi- 
tion, no confirmation of the adequacy 
of follow-up was given for any of the 
182 patients. 





The Incidence of Secondary Ocular Neovascularization 


In 1971, Karjalainen‘ reported the 
clinical characteristics of a large series _ 
of retinal arterial occlusions, both cen- 


tral and branch. He concluded that in 
this combined group, the risk of NVG 
following retinal artery -obstruction 


was 2%. This figure has subsequently 
been quoted as the incidence of NVG = 
following CRAQ.’ As in. Benedict’s 
study, this 2% figure was derived from 
a combined group consisting of branch 
retinal artery obstructions as well as 
CRAOs. By eliminating. the branch” 
artery obstructions from the calcula- 
tion, the incidence of. NVG- -after 


CRAO according to Karjalainen’s data’ __ 
is 6.8% (8 of 117). As Karjalainen 
suggested, the actual figure may be- 
higher because in this retrospective. 
study not all CRAO patients. were 


reexamined following diagnosis. He- 


partially discounted this lack of consis- . — 
tent follow-up by assuming that the 


typical painful, red eye of NVG; if 

present, would have invariably caused 

the patients to return for treatment: 
Within the last decade; two: retro- 


spective studies reported significantly 
higher incidences of NVI and NVG 
after CRAO. In 1983; summarizing the — 


findings in a group of. 64 eyes ‘with 


CRAO, Hayreh and Podhajsky’ re- 


ported an 18.8% incidence of: subse- 
quent NVI. They also found a 15:6% 
incidence of NVG. Despite these sur- 


prisingly high values, the authors con- : 


cluded that there was no direct evi- 
dence to implicate the vascular: 


obstruction, per se, in the subsequent 


development of neovascularization. In. _ 
a retrospective study of 168 eyes pub- 
lished in 1988, Duker and Brown re- 
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ported a similar incidence of NVI after 
CRAO—16.6%. Their reported inci- 
dence of NVG was 11.3%. In contrast, 
they found direct evidence that the 
CRAO itself led to NVI, because some 
of the affected patients had normal 
results of carotid artery imaging and 
flow studies. 

With respect to other forms of ocular 
neovascularization following CRAO, 
some authors have suggested that neo- 
vascularization of retinal origin cannot 
occur following CRAO.* Nevertheless, 
there are at least three published case 
reports of neovascularization of the 
optic dise (NVD) occurring after 
CRAO.™™" Additionally, in the group of 
168 CRAOs studied retrospectively by 
Duker and Brown,” three cases of 
NVD were detected, a 1.8% incidence 
for this association. 

The conclusions of all five of these 
previous studies may be criticized be- 
cause of the bias inherent in all retro- 
spective studies.” In addition, since all 
were carried out at large, tertiary care 
centers, the possibility of a skewed 
patient population due to referral bias 
exists as well. 

Because of the disparity in findings 
between the more recent studies and 
the earlier works with respect to the 
incidence of ocular neovascularization 
after CRAO, we undertook a prospec- 
tive study of patients with CRAO. The 
purpose of the study was to document 
the incidence of ocular neovasculariza- 
tion attributable to the CRAO, to eval- 
uate possible predisposing factors for 
the development of neovascularization, 
and to test the hypothesis that all 
cases of neovascularization following 
CRAO are directly attributable to ca- 
rotid artery disease. 


MATERIALS AND METHODS 


All patients who presented to the emer- 
gency department or the Retina Vascular 
Unit at Wills Eye Hospital, Philadelphia, 
Pa, with acute CRAOs were eligible for 
inclusion in the study. Initial inclusion crite- 
ria required that the CRAO be of no more 
than 7 days’ duration by the patient’s and/or 
the referring physician's history. The diag- 
nosis of acute CRAO was confirmed when a 
history of severe visual loss was accompa- 
nied by a clinical examination showing a 
relative afferent pupillary defect, retinal 
whitening in the posterior pole, and a foveal 
cherry red spot. In all cases, an intravenous 
fluorescein angiogram (IVFA) was obtained 

within 1 week of presentation to confirm 
the diagnosis and rule out an ophthalmic 
artery. obstruction. If a cherry red spot was 
not present, if severe choroidal filling de- 
fects were seen on IVFA, or if the visual 
acuity at presentation was light perception 
or no light perception, an electroretinogram 
was obtained to rule cut ophthalmic artery 
obstruction. Any case that showed dimin- 
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ished a-wave activity on electroretinogra- 
phy, implying outer retinal ischemia, was 
not considered. 

On initial examination, any eye that had 
preexisting ocular neovascularization or ev- 
idence of concurrent ocular ischemic syn- 
drome (eg, midperipheral retinal hemor- 
rhages, significantly asymmetrie cataract 
formation, or anterior chamber flare) was 
excluded. Along with a routine, full oph- 
thalmologie examination, gonioscopy was 
performed at the initial visit to rule out 
preexisting angle neovascularization. 

All patients presenting within 48 hours of 
their visual losses were admitted to the 
hospital and treated for acute CRAO, 
Treatment included immediate ocular mas- 
sage followed by anterior chamber paracen- 
tesis. Carbogen (95% oxygen and 5% carbon 
dioxide) was administered via a nasal can- 
nula for 10 minutes every 2 hours for 48 
hours unless medically contraindicated. In 
addition, 0.5% topical timolol maleate and 
a dosage of 500 mg of oral acetazolamide 
sodium twice daily were administered. All 
patients admitted to the hospital were ex- 
amined by an internist. Laboratory evalua- 
tions of all patients included erythrocyte 
sedimentation rates, complete blood cell 
counts, prothrombin times, partial throm- 
boplastin times, lipid profiles, chest roent- 
genograms, electrocardiograms, and nonin- 
vasive carotid artery studies. The carotid 
artery studies consisted of duplex seanning 
of the surgically accessible carotid arteries, 
oculoplethysmography, and Doppler ultra- 
sonography. Holter monitoring and echo- 
cardiography were undertaken if deemed 
medically indicated by the examining inter- 
nist. Informed consent was obtained for all 
noninvasive and invasive testing as well as 
for all invasive therapeutic maneuvers. 

Follow-up examinations were scheduled 
for intervals of 1 week, 4 to 6 weeks, and 3 
months after discharge from the hospital. 
To evaluate the changes in retinal blood 
flow that occur as the artery obstruction 
reperfuses, an IVFA was repeated at the 1- 
week and 4- to 6-week visits in as many 
cases as possible. 

If ocular neovascularization was detected 
by clinical examination, it was confirmed 
via examination by a second observer, and, 
in most instances, by a second IVFA. Laser 
therapy, consisting of panretinal photocoag- 
ulation (PRP), was then recommended to all 
patients with NVI and offered to patients 
with NVD. If intraocular pressure was 
elevated, further medical and/or surgical 
interventions were performed as needed. 


RESULTS 


During the 18-month enrollment pe- 
riod, 34 patients presented with histor- 
ies and clinical findings consistent with 
acute CRAO less than 7 days old. Most 
of the patients (82 of 34) were intially 
evaluated within 24 hours of visual 
loss. All 32 patients were admitted to 
the hospital and treated with carbo- 
gen, anterior chamber paracentesis, 
and medications that lower intraocular 
pressure. One of the remaining two 
patients was seen 4 days following 





CRAO, and the other, 7 days following 
CRAO. 

None of the 34 patients showed evi- 
dence of preexisting ocular neovascu- 
larization or ocular ischemic syndrome 
at initial examination. Five of the pa- 
tients underwent electroretinography 
to rule out ophthalmic artery obstruc- 
tion. None had electroretinographic 
evidence of outer retinal ischemia. One 
of the 34 patients presented with a 
visual acuity of light perception and a 
cherry-red spot but, because of concur- 
rent miotic therapy for open angle 
glaucoma, a clinically interpretable 
IVFA could not be obtained. Because 
an electroretinogram was not per- 
formed, the possibility of acute oph- 
thalmic artery obstruction could not be 
eliminated. Therefore, this patient was 
not enrolled. In all, 33 patients, each 
with one affected eye, were enrolled. 
The clinical characteristics of these pa- 
tients are summarized in Table 1. 

At initial evaluation, all eyes had 
gonioscopically open angles with no 
evidence of angle, iris, or retinal neo- 
vascularization and intraocular pres- 
sures not greater than 21 mm Hg. 

The mean age of the 33 patients was 
68.6 years, with a range of 34 to 87 
years. Thirty of the affected patients 
were white, and three were black. The 
study group comprised 21 men and 12 
women. Seventeen affected right eyes 
and 16 affected left eyes were exam- 
ined. The mean follow-up interval was 
8 months, with a range of 2 to 24 
months. Thirty-two of the 33 patients 
were followed-up for a minimum of 3 
months. The exception was a patient 
whose follow-up interval was limited to 
2 months because of a fatal acute myo- 
cardial infarction. 

Six of the patients, an incidence of 
18.2%, developed subsequent NVI in 
close temporal association with their 
CRAOs. The mean time for develop- 
ment of NVI following CRAO was 5.5 
weeks. The shortest time interval for 
the development of NVI was 12 days 
(two patients), and the longest was 12 
weeks. 

Five of the six patients with NVI 
developed NVG, which we defined as 
an intraocular pressure greater than 
22 mm Hg with no obvious cause other 
than neovascularization. All five devel- 
oped to some degree neovasculariza- 
tion of the anterior chamber angle with 
peripheral anterior synechiae forma- 
tion. Despite aggressive therapy, two 
eyes later developed 360° peripheral 
anterior synechiae. The overall inci- 
dence of NVG was five of 33, or 15.2%. 

One patient (8.0%) developed NVD 
with subsequent vitreous hemorrhage. 
Neovascularization of the iris did not 
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NO. Race /Sex Eye VA VA NVI 
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*VA indicates visual acuity; NVI, neovascularization of the iris: NVD, neovascularization of the optic disc; NVG, 
neovascular glaucoma: IOP, highest intraocular pressure recorded (in millimeters of mercury); OD, right eye; OS, 
left eye, CF, counting fingers; HM, hand motions; LP, light perception; and NLP, no light perception. 


Patient Characteristics 


NV Group 
(n= 7) 


No NV Group 
{n = 26)t 





Mean age, y 
Diabetes mellitus, No. (%) 


ipsilateral carotid artery stenosis => 70%, No. (%) 


Hypertension, No. (%) 


73.5 
2 (28.6) 
2 (28.6) 
3 (42.9) 


67.3 
7 (26.9) 
4 (16.7) 
12 (46.2) 





* CRAO indicates central retinal artery obstruction; NV, ocular neovascularization; and NS, not significant 
{P > .05). Data were analyzed using Student's tł test and the Kruskal-Wallis ranking test. Percentages may not 


add to 100 owing to rounding. 


tTwo patients in this group did not undergo carotid artery evaluation. Consequently, the percentage of pa- 
tients with ipsilateral carotid artery stenosis is based on a total of 24 patients. 


develop in this eye. 

All seven patients with ocular neo- 
vascularization following CRAO were 
treated with PRP. In no case was PRP 
administered prior to neovasculariza- 
tion. In the patient with NVD and 
three of the six patients with NVI, 
neovascularization regressed following 
PRP. In three of the six patients with 
NVI who also had NVG, additional 
modalities such as cyclocryotherapy 
and. YAG laser cyclophotocoagulation 
were necessary to control intraocular 
pressure. None of the patients with 
NVG required retrobulbar alcohol in- 
jection or enucleation for pain control. 
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Thirty-one of the 33 patients in this 
study, including all seven patients who 
developed ocular neovascularization, 
underwent noninvasive carotid artery 
testing within 3 months of CRAO. Of 
the seven patients with neovasculari- 
zation, only two (28.6 %&) had hemody- 
namically significant carotid artery 
stenosis, which we defined as a fixed 
lesion producing a stenosis of at least 
70% in the ipsilateral carotid artery. 
However, in both of these patients, 
results of concurrent Doppler studies 
of their carotid arteries were normal, 
suggesting minimal flow disturbance. 
Of the 24 patients without ocular neo- 








vascularization who underwent carotid 
artery evaluations, four (6.7%). had 
fixed lesions of 70% or greater. Results. 
of Doppler studies ipsilateral to the 
CRAO were abnormal in two of these 
patients, implying hemodynamic 
insufficiency. 

Two (28.6%) of the seven patients 
with NVI and/or NVD after CRAO 


had diabetes mellitus. Of the 26 pa- 


tients who did not develop NVI or 
NVD, seven had diabetes mellitus, an 
incidence of 26.9%. The incidence of 
systemic arterial hypertension was 
three (42.9%) of seven in the NVD 


and/or NVI group and 12 (46.2 %) of 26 = 


in the group without NVI or NVD- 
The data are summarized in Table 2. 


COMMENT 


The results of this study of persons 


with acute CRAO disclose an 18.2% =- 


incidence of subsequent NVI in affect- 

ed eyes and a 15.2% incidence of subse- 

quent NVG. Neovascularization of the 

optic disc occurred in 10 eyes (8.0%). 

These values are consistent with the 

findings of three recent, large, retro: 
spective reports.” Based on all four 
of these studies, the true incidence of 
ocular neovascularization following. 
acute CRAO appears higher than pre-- 
viously thought. 

Although the pathogenesis of ocular 
neovascularization following acute 
CRAO is incompletely understood,’ 
this study provides definitive evidence 
that the CRAO is responsible for the 
neovascularization. Previous investi- 
gators attributed the occurrence of 
neovascularization associated with 
CRAO solely to underlying atherosele- 
rotic carotid artery disease.” According 
to this hypothesis, the neovasculariza- 
tion seen with CRAO actually begins: 
with underlying carotid artery hypo- 
perfusion. The ocular ischemic syn- 
drome ensues, with secondary NVI 


and NVG. Superimposed on this see 


nario, an acute CRAO develops, due to 
either a coincidental carotid artery em- 

bolus or, more commonly, an arterial 

thrombosis from the combination: of: 
profound ocular hypoperfusion and 
secondarily elevated intraocular pres- 
sure. According to this theory, the 
ocular neovascularization seen with 
CRAO either acts as the initiating 
factor or is merely coincident with the 
arterial obstruction. Our results clear- 
ly prove that this theory is incomplete. 
At least five (71%) of the seven pa- 
tients who developed ocular neovascu- 
larization after CRAO. did not: have. 
hemodynamically significant. carotid 
artery disease. In addition, none’of the 
seven affected eyes had ocular néovas- © 
cularization, elevated intraocular pres- "> 
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sure, or clinical evidence of the ocular 
<> ischemic syndrome at initial discovery 
of GRAO. 
== With respect to. other systemic dis- 
eases such as. diabetes mellitus and 
systemic arterial hypertension that 
might play roles in the development of 
-the ocular neovascilarization seen af- 
ter CRAO, no statistically significant 
-difference was found in the incidences 
of these diseases between the patients 
¿with CRAO who developed ocular neo- 
vascularization and those who. did not. 
- Thus, we conclude hat, in most of 
eases, the neovascularization seen fol- 
lewing CRAO is attributable to the 
‘vascular obstruction itself. 
< All- seven of the patients in this 
“study who developed ocular neovascu- 
“larization were treated with PRP to 
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stimulate regression of the new ves- 


sels. Although no prospective, con- 
trolled ‘study has been performed to 
assess the efficacy of PRP in this set- 
ting, evidence suggesting that laser 
treatment induces regression of ocular 
neovascularization following CRAO 
has been published.” In rare cases, 
spontaneous regression of iris neovas- 
cularization associated with CRAO has 
been reported as well.’ Considering 
that, despite close follow-up, five of 
the six eyes that developed NVI in this 
study went on to develop NVG, and 
two of these eyes developed 360° pe- 
ripheral anterior synechiae, we believe 
PRP is indicated in eyes with NVI 
after CRAO, 

Because the incidence of NVI and 
subsequent NVG after CRAO uncov- 
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ered in this prospective study ap- 
proaches that seen following central 
retinal vein obstruction,” we suggest 
that. all: patients with CRAO be fol- 
lowed up closely for a minimum of 3 to 
4 months after diagnosis. If NVI is 
detected, prompt laser therapy, in- 
cluding PRP, should be considered. 
The benefits of PRP in treating isolat- 
ed NVD are less clear and, in such 
cases, we recommend that the risks 
and benefits of PRP in an eye with 
poor visual acuity but normal intraocu- 
lar pressure be carefully reviewed 
with the patient. 
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Orbital Decompression in Graves’ Disease 


W. Bruce Wilson, MD, William F. Manke, MD 


ə We studied 42 orbits of 23 patients 
with Graves’ disease who had proptosis 
secondary to the orbitopathy of their 
disease and had undergone decompres- 
sive operations. The patients were evalu- 
ated: preoperatively and underwent com- 


“| puted. tomography. They were also ex- 
-amined frequently during the first post- 
-operative year and the computed tomog- 


raphy was repeated at 6 months. Three 


-variables correlated well with the reduc- 


tion in proptosis: the percentage of in- 
crease in orbital volume after surgery, 
the absolute increase in orbital volume, 
and the degree of orbital “stiffness” as 
measured preoperatively. The first two 
variables have an inverse correlation 
with the third. We refer to the loss of 
resilience of orbital tissues and the in- 
crease in adherence between tissue 
planes, collectively, as orbital “stiff- 
ness.” While other factors, such as the 
size of the anterior opening of the orbit, 
the resistance of the lid diaphragm, and 
pressure changes within the orbit, may 
affect the resultant reduction in propto- 
sis, we did not attempt to measure these 
factors. 
(Arch Ophthalmol. 1991;109:343-345) 


A correlation between the specific 
operative procedure used to de- 
compress the orbit in Graves’ disease 
and the amount of reduction of the 
proptosis has been made by a number 
of authors. The main emphasis of 
these articles seems to be of a qualita- 
tive nature and not a quantitative one 
in which a change in orbital volume, or 
some other factor, could be related to a 
change in proptosis. Usually a compar- 
ison is made between the number of 
walls removed and the reduction of 
proptosis. One author did quantitate 
the volume increase for different oper- 
ative procedures in the dry skull, but 
still did not correlate this with a reduc- 
tion of proptosis.' 
We studied 42 orbits of 23 patients 
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‘The Predictability of Reduction of Proptosis 


who had proptosis associated with 
Graves disease, with clinical analysis 
and computed tomography (CT). They 
were all seen before and after de- 
compressive surgery to determine if 
the increase in orbital volume could be 
correlated with the reduction of the 
proptosis. 


PATIENTS AND METHODS 


Each of the 23 patients had a complete 
ophthalmic examination at each visit. These 
were done at least twice before surgery and 
at least at 1, 2, 3, 6, and 12 months after 
surgery. In addition, at each visit, each 
patient was evaluated further by measuring 
apparent protrusion and fullness of tissue 
by the use of photographs taken from three 
angles, hertel exophthalmometry, interpu- 
pillary distance, and two of four tests 
thought to reflect on the degree of resil- 
ience of orbital tissues and the adhesion 
between tissue planes, ie, orbital stiffness. 
These were intraocular pressure changes 
with a change in gaze direction and saccadic 
velocity. The intraocular pressure was mea- 
sured in the primary pesition and in an 
upward gaze of 30°, but also in other gaze 
directions at 30° if that gaze direction was 
impaired. Saceadic velocity was measured 
on a direct current ocunlographic unit at 15° 
of eccentricity, and 30° when possible. 

In an attempt to measure stiffness, two 
other measurements were taken, both at 
operation. Passive forced ductions were 
graded by the number of degrees the eye 
could be moved from the primary position 
with a 0.3-mm forceps placed on the muscle 
insertion of the antagonist muscle for the 
direction of movement. While the amount of 
force used is subjective, one observer made 
all the forced duction movements and at- 
tempted to use a constant, moderate force. 
The number of degrees of movement was 
observed by a second surgeon reading the 
Hirshberg corneal reflex against a hand- 
held perimeter. Posterior displacement of 
the globe, which may measure resilience 
primarily, was measured by observing the 
cornea with the exophthalmometer when a 
“force” of 30 g was applied with an ophthal- 
modynamometer of the Bailliart type. An 
increase in intraocular pressure for 30° of 
eccentric gaze of 0 to 5, 6 to 10, 11 to 15, 16 
to 20, and greater than 20 mm Hg was 
scored as 1, 2, 3, 4, and 5 points, respective- 
ly. A saccadic velocity in degrees per sec- 
ond for 30° of eccentric gaze of 440 to 360, 
360 to 280, 280 to 200, 200 to 120, and 120 to 
40 degrees per second was scored as 1, 2, 3, 
4, and 5 points, respectively. Retropulsion 
of 5, 4, 3, 2, and 1 mm was scored as 1, 2, 3, 
4, and 5 points, respectively. Total forced 


duction in four direetions of 180° to 150°, 
150° to 120°, 120° to 90°, 90° to 60°, and 60° 
to 30° was scored ys 1, 2, 3, 4, and 5 points, 
respectively. 

The following five methods for calculating. 
the known volume of a phantom were com- 
pared for accuracy: planimetry in millime-~ 
ters, the weight of translucent paper cut- 
out, Zeiss video-plan computation,’ partial’ 
volume summation,” and pixel software 
analysis of 5-mm contiguous coronal cuts 
done with a CT unit (model 8800 or 9800, : 
General Electric, Milwaukee, Wis), using 
methods similar to those deseribed.*’*” The. 
internal orbital margins were defined as the 
innermost edges of bone as seen on CT. A’: 
straight line was drawn across the anterior 
orbital opening to delimit it. This line con- 
nected the anterior edge of the bone of the- 
orbit over 360°. The software program for 
volume was supplied by General Electric: 
The volumes obtained with each method 
were compared with the known volume of 
the phantom: a blood-filled balloon inside a>: 
plastic skull filed with water. 

The planimetry measurements were 
made directly from the photographs (Gen- °° 
eral Electric) with an appropriate seale- 
marker for comparison of magnification. 
The pixel measurements were repeated five 
times on photographic cuts that had good 
edge detail for all orbital structures. >” ” 

Twelve of the 23 patients had optic neu- 
ropathy, prompting surgery. The other pa- 
tients were operated on for marked propto- 
sis and/or orbital discomfort and foreign 
body sensation. The decompressive opera- = 
tion entailed an approach inferiorly through: 
either the subciliary lid crease or the inferi- 
or fornix to expose the orbital floor. An 
anterior ethmoidectomy incision was used- 
to do the medial wall. decompression. As- 
much of the floor as possible was removed, 
completely exposing the infraorbital nerve 
in the process. The medial wall was re= 
moved completely below the level of the 
ethmoidal arteries. 


RESULTS 


The method for measuring volume 
that gave the closest correlation with 
the known volume of 30 mL of the- 
phantom was the CT method. All mea- 
surements made with the CT method 
gave volumes that were within +5% of 
the phantom, and all measurements 


noted in this article were made with- 


CT. The mean volume (+SD) for the 
CT method was 29.36 +0.37 mL. 
Regression lines were constructed 
for the three variables mentioned 
above. The 42 orbits decompressed 
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approximated a linear relationship be- 
tween the percentage of increase in 
orbital volume and the number of milli- 
meters of reduction in proptosis (Fig 1, 
top). The absolute increase in orbital 
volume correlated nearly as well as did 
the percentage of increase (Fig 1, bot- 
tom). Orbital stiffness also correlated 
well, although inversely (Fig 2). Other 
factors that may have affected the 
surgical results, such as the size of the 
anterior opening of the orbit, the resis- 
tance of the anterior lid diaphragm, 
and intraorbital pressure relation- 
ships, were not studied. 

Nine orbits did not get as much 
reduction in proptosis as was expected 
from the percentage of increase in 
orbital volume. All of these appeared 
to have less CT evidence of prolapse 
into the newly created sinus spaces 
than did the other 33. While they may 
have had less resilience of orbital tis- 
sues and more adhesion between tissue 
planes, we were not able to be sure of 
this by studying the factors mentioned 
above. One case is illustrated in Fig 3. 


COMMENT 


The phantom plastic skull that con- 
tained a balloon of a known volume of 
blood was adopted as the standard. 
While the volume measured with CT 
was the closest to the volume of the 
phantom, within +5%, the paper cut- 
outs were very close, at approximately 
+6%. The CT method we used re- 
quires relatively thin cuts and good 
tissue edges." Cuts thinner than 5 
mm could have been used, but it seems 
that these would increase the accuracy 
of the coronal volumetric measure- 
ments only if the curvature of the 
orbital wall in the axial plane changed 
abruptly, and this was not the case. 
Thinner cuts of 1.5 mm were used in a 
few patients but the increase in radia- 
tion exposure was believed to be unde- 
sirable, especially since the volumes 
measured with that method were with- 
in 2% of the volumes taken from the 5- 
mm cuts in the same patients. The 
other methods were less accurate, per- 
haps because of more difficulty in do- 
ing the planimetry by hand or because 
the partial volume summation method 
works better as the cuts get thinner 
and the CT numbers more constant.” 

Figures 1 and 2 seem to clearly show 
that all three variables correlate well 
with the amount of reduction of prop- 
tosis. When the nine cases that did not 
seem to fill the decompression space 
well were subtracted from the total of 
42, the resultant regression line, not 
illustrated, showed an even better 
correlation. 

The primary reason for the differ- 
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Fig 1.—Comparison between the percentage of increase (top) and the absolute increase 
(bottom) in orbital volume. Each is plotted against the reduction in proptosis. The r, t, and P 
values for percentage of increase and absolute increase, respectively, are .711 and .662, 6.393 
and 5.586, and .001 and .001. 


ence in correlation between the per- 
centage and absolute increase in orbit- 
al volume is probably based on the 
variation in size of human orbit” and 
the laws governing radius and volume. 
If one applied the common laws of 
geometry to this question, it would 
seem that a large, thin-walled mem- 
brane with very little resistance to 
distention, eg, the orbital soft-tissue 


space, would increase its radius less 
than a small one of similar quality if 
the same amount of liquid were added. 
In other words, the membrane with 
the larger volume would protrude less 
in any direction than the small one. If 
one removed the added liquid, then 
each container should revert to its 
original diameter. 

One could then say that if the orbital 
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Fig 2.— Orbital stiffness compared with the reduction in proptosis (r= —.715, t= — 6.471, and 


P= ,001), 

















Fig 3.— Coronal computed tomographic scans compare preoperative (left) and postoperative 
(right) orbital relationships for one patient. 


contents were just contained within 
the orbital cavity and the orbital vol- 
ume was increased by 20%, one might 
expect a protrusion of 20% of the orbit- 
al contents, allowing for some orbital 
stiffness, orbital pressure changes, 
and the anterior diaphragm that might 
inhibit protrusion. If one then enlarged 
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the orbit by 20% with decompressive 
surgery, one might expect the orbital 
contents to return to the orbital con- 
fines. This should hold true for some 
range of orbital size and probably gives 
the linear relationship that we ob- 
served. This also suggests that one 
needs to do a larger decompression in 





the larger orbit to achieve the same 
amount of reduction of proptosis. 

Orbital stiffness seems to result 
from factors such as edema, cellular 
infiltrate, and fibrosis that are associ- 
ated with the inflammatory process 
itself or perhaps a result of the surgical 
procedure. These then probably lead 
to a loss of resilience and adhesion 
between tissue planes. The total points 
we calculated for stiffness seemed to 
correlate well with the reduction of 
proptosis. 

Since the bony confines of the orbit 
enclose the orbital soft tissues and are 
not entirely free to enlarge, one should 
probably consider other factors that 
we did not measure when calculating 
an expected reduction in proptosis. 
These might include the size of the 
opening of the anterior orbit, the resis- 
tance of the anterior lid diaphragm, 
and pressure changes within the orbit. 

We thank James Murphy, PhD, Susan Norman, 
Thuy Wilson, and David Pfoff, MD, for roentgen- 
ographie assistance, data correlation, and litera- 
ture research. 
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‘Enhanced Ocular Hypotensive Response to 
Epinephrine With Prior Dexamethasone Treatment 


Neil Bealka, MD, Bernard Schwartz, MD, PhD 


è In 12 patients with ocular hyperten- 
sion and similar pressures in each eye, 
one eye was randomly selected in a 
masked manner for pretreatment with 
three applications of topical 0.01% dexa- 
methasone sodium phosphate drops 
prepared in artificial tears. The other eye 
was treated with three applications of 
drops of artificial tears alone. Both eyes 
were then treated with 0.1% epinephrine 

“hydrochloride drops. Ocular pressures 
: were measured for the next 2 hours at 
20-minute intervals. When compared 
with eyes treated with epinephrine drops 
alone, eyes pretreated with dexametha- 
sone drops showed a significantly great- 
er decrease in pressure (mean [=SD] 
maximum difference, 3.1+2.1 mm Hg). 
Five patients had a difference of 1.0 to 
4.0 mm Hg and five patients had a differ- 
ence of 4.0 to 6.0 mm Hg. Two patients 
showed no response. Younger age was 
associated with the greater response. 
Adrenergic-glucocorticoid synergism re- 
sulting in the lowering of ocular pressure 
may offer a potential for therapeutic use 
in ocular hypertension and glaucoma. 
(Arch Ophthalmol. 1991;109:346-348) 


lucocorticoids can enhance the sen- 
sitivity to catecholamines in vari- 
ous tissues.’ B-Adrenergie agonists, 
such as epinephrine hydrochloride or 
isoproterenol hydrochloride, combined 
with. glucocorticoids have long been 
used in the treatment of asthma and 
obstructive pulmonary emphysema.** 
This beneficial effect of combined 
glucocorticoid and adrenergic agents 
may also be useful in lowering ocular 
pressure. In vitro studies in our lab- 
oratory suggest that glucocorticoids 
“enhance the response of B-adrenergic 
adenylate cyclase in a rabbit ciliary 
process membrane preparation to iso- 
proterenol, a B-agonist.* We have also 
shown in rabbits that ocular pressure 
is lowered more effectively by dexa- 


--methasone phosphate plus epinephrine 


drops than by epinephrine alone.** 
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The present study is a clinical inves- 
tigation of the effects of topical epi- 
nephrine and dexamethasone drops in 
lowering ocular pressure in ocular 
hypertension. 


PATIENTS AND METHODS 


Patients with untreated ocular hyperten- 
sion were selected from the Glaucoma Ser- 
vice of the Department of Ophthalmology of 
the New England Medical Center, Boston, 
Mass. Informed consent was cbtained. The 
experimental protocol and consent forms 
were approved by the Human Investigation 
Review Committee. The diagnosis of ocular 
hypertension was made by observing two 
independent measurements of ocular pres- 
sure of 21 mm Hg or greater with the 
Goldmann applanation tonometer. These 
patients had complete ocular examinations 
to determine that no other significant ocular 
abnormality was present. Normal visual 
fields were present as tested by the Octo- 
pus 2000R perimeter (Interzeag AG, Schlie- 
ren, Switzerland) with programs 7 and 31. 
The presence of open angles was observed 
on slit-lamp gonioscopy. Pigmentation of 
the trabeculum was graded from 0 (no 
pigment) to 4+. The optie dise may or 
may not have had changes suggestive of 
glaucoma. 

The subjects ranged in age from 37 to 81 
years; the average age was 56 years. There 
were six men and six women, two blacks 
and 10 whites. Three patients had blue 
irides; the rest had brown. Three patients 
had grade 2 or greater pigment in all angles 
of both eyes. Two had diabetes mellitus and 
took insulin. Two had systemic vascular 
hypertension for which one took hydral- 
azine hydrochloride and the other hydro- 
chlorothiazide. One patient was being 
treated for fluid retention with 
hydrochlorothiazide. 

Between 8 AM and 9 AM on the morning of 
the study, baseline measurements of ocular 
pressure were taken in each eye at 25 and 
20 minutes prior to administration of the 
drugs. The study drugs were then adminis- 
tered 5 minutes apart in the following man- 
ner: one eye received three drops of 0.01% 
dexamethasone (Decadron, Merck, Sharp 
and Dohme, Rahway, NJ, equivalent to 
0.007% dexamethasone) phosphate diluted 
with artificial tears (methylcellulose [Lac- 
ril], with a 0.5% chlorobutanol) and filtered 
for sterilization, followed by one drop of 
0.1% epinephrine hydrochloride (Epifrin, 
Allergan, Los Angeles, Calif, prepared in 
artificial tears equivalent to 0.08% of epi- 
nephrine free base). The other eye received 
three drops of artificial tears plus one drop 
of 0.1% epinephrine hydrochloride. The 
drop size averaged 33 pL. After drug ad- 
ministration, ocular pressures were. taken, 
on the average, every 20 minutes for 2 


hours. Twelve subjects began the study. 
One subject dropped out 80 minutes after, 
one subject dropped out 90 minutes after, 
three subjects dropped out 100 minutes 
after, and one subject dropped out 105 
minutes after drug administration. The sub- 
ject dropping out 80 minutes after drug 
administration was discontinued from the 
study because of corneal epithelial edema. 
In none of the other subjects did corneal 
epithelial edema develop. The other five 
subjects who dropped out did not wish to 
continue in the study. 

Dexamethasone and artificial tear drops 
were prepared by the hospital pharmacist, 
who placed them in identical containers 
labeled with codes. The pharmacist pre- 
pared a random series for the choice of eye 
that was to receive dexamethasone or artifi- 
cial tears. The code was broken at the end 
of the study. 

At each time of measurement of pres- 
sures, the paired ¢ test’ was used to deter- 
mine the significance of the differences in 
ocular pressures. Spearman correlations’ 
(r) were used to test the relationship to 
age, and the x’ test” was used to test the 
influence of sex, race, and iris color. Two- 
tailed tests were used to define significance, 
and a P level of less than or equal to .05 was 
chosen as significant. 


RESULTS 


Dexamethasone was given to the left 
eyes seven times and to the right eyes 
five times. There were no significant 
differences of ocular pressures be- 
tween the eyes prior to drug adminis- 
tration (Table). Examination of the 
plots of ocular pressures vs time 
showed that 10 of the 12 patients with 
ocular hypertension showed a greater 
decrease in ocular pressure in eyes 
treated with dexamethasone followed 
by epinephrine compared with eyes 
treated with epinephrine alone. 

The mean ocular pressure of all 12 
patients at each time interval is shown 
in the Figure. A significant difference 
in the means of the ocular pressures 
was first observed at about 40 minutes 
after the drugs were given (P = .002) 
and was still present at about 
100 minutes after drug administration 
(P<.001) (Table), with the eyes receiv- 
ing the dexamethasone plus epineph- 
rine having a lower mean pressure 
than the eyes receiving epinephrine 
alone. 

Each plot of ocular pressure with 
time was examined for each eye and 
the maximum decrease from baseline 
was determined by subtracting the 


Hypotensive Response —Bealka & Schwartz 













“Times in 








Mean (+ SD) Ocular Pressures (mm Hg) With 


A ao eee a a 



































































































Relation to Drug Epinephrine Epinephrine + 
: Administration, min Hydrochloride Dexamethasone Sodium Mean (+ SD) 
2 pattie etn, Alone Phosphate Difference of 1OP,” Paired 
“Range Mean Times {No.) (No.) mm Hg t Test, P 
Baseline 1 (—25 min) 23.0 + 2.5 (12) 22.84 2.7 (12) 0.3 t0 393 
Baseline 2 (—20 min) 22.5+ 2.9 (10) 22.4 + 2.5 (10) 0.1206 £9 
15-20 19.3 23.34 2.7 (8) 22.6 t 2.718) DBF EI 14 
35-45 40.8 21.7 +2.9 (12) 20.2 + 3.0 (12) 15213 002 
§0-70 60.4 20.3 + 3.0 (12) 17.3% 4.0 (12) 2.9226 .002 
78-30 81.7 19.4+3.6 (12) 16.3+3.5 (12) 3.422.2 
95-105 100.5 19.0 + 3.9 (40) 16.34 4.0 (10) 2.7218 * 
120-135 124.2 17.2+3.8 (6) 14.2 +3.7 (6) 3023.0 
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pinephrine hydrochloride plus 0.01% dexametha- 
+ 0.007% dexamethasone base) vs the eye 


receiving 0.1% epinephrine hydrochloride only (0.08% epinephrine base). Points represent the 


Mean ocular pressure of all eyes (right or left) 


either pretreated or not pretreated with dexameth- 


- agone. The vertical bars represent SD from the mean. Arrows indicate times of dexamethasone 
and epinephrine administrations; asterisks, time intervals where the ocular pressure differences 


“are significant (P<.05). 


minimum value of ocular pressure from 
the average of the two baseline record- 
ings. The mean (+SD) maximum de- 
crease from baseline was 7.5+38.7 mm 
Hg (n=12) in eyes pretreated with 
dexamethasone followed by epineph- 
rine compared with 4.0+3.0 mm Hg 
(n= 12) in eyes treated only with epi- 
nephrine. The mean maximum differ- 
ence between these two groups was 
3,142.1 mm Hg (n= 12). The earliest 
time for the maximum decrease of 
-Jocular pressure in the epinephrine 
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plus dexamethasone—treated eyes was 
88.3 + 19.9 minutes (n= 12). 

There was no significantly different 
response between the three patients 
with increased pigmentation of the tra- 
beculum and the patients without in- 
creased pigmentation. Two of 12 pa- 
tients showed no discernible lowering 
of ocular pressure in the eye treated 
with dexamethasone followed by epi- 
nephrine compared with the eye treat- 
ed with epinephrine alone. In the 10 
patients in whom there was a differ- 
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* Mean difference of intraocular pressure (IOP) indicates mean ocular pressures of eyes receiving epinephrine alone minus mean ocular pressures of eyes receiving 






ence, five had a maximum difference of 
1 to 4 mm Hg and five had a maximum 
difference from 4 to 6 mm Hg between 
the eye treated with dexamethasone 
followed by epinephrine and the eye 
treated with epinephrine alone. In. 
those patients who showed an effect. 
and were followed up for 120 minutes” 
after drug administration, the duration- 
of the effect was still present at -120 
minutes. oe 

The only identifiable factor that dit 
ferentiated the two nonresponders _ 
from the responders was that they 
were the oldest patients in the series 
(ages 77 and 81 years). Spearman cor- 
relations of the differences between 
eyes pretreated with dexamethasone. 
followed by epinephrine compared 
with eyes treated with epinephrine 
alone vs age at 60 minutes showed a 
significant inverse association with age 
(r= —.63, P=.03) (=12). Greater = 
age was associated with less lowering 
of ocular pressure. Sex, race, and iris 
color as tested by the x? method were 
not found to be significant factors ‘in 
this sample. 



































































COMMENT 


Stiles et al,’ in a review of the 
literature, indicated that glucocorti- =- 
coids produce enhanced sensitivity of 
B-adrenergic receptors to catechol- 
amines by an increase in the number of 
B-adrenylate receptors as well as an 
increased coupling to the adenylate: 
cyclase system. 

Neufeld" suggested that ®-adrener--” 
gic receptors are the predominant 
class of receptors stimulated te. 
lower ocular pressure in the pharmaco- 
logic responses to epinephrine. He 
noted that a-adrenergic responses 
causing vasoconstriction may have a 
transient influence on ocular pressure, 
but §-adrenergic-mediated responses 
change levels of ocular pressure to a 
new steady state that lasts long 


enough to be beneficial to the patient. 
Our in vitro studies showed that gluco- 
corticoids did increase adenylate cy- 
clase activity in the rabbit iris—ciliary 
body so as to thus lower concentrations 
of isoproterenol.’ Our in vivo studies in 
rabbits indicated that f-adrenergic- 
glucocorticoid synergism lowered ocu- 
lar pressure." These studies showed 
that pretreatment with dexametha- 
sone drops followed by epinephrine 
drops results in a significantly greater 
decrease of intraocular pressure than 
does epinephrine alofe. 

The present study in patients with 
ocular hypertension shows a mean 
maximum decrease in ocular pressure 
from baseline of 7.5 mm Hg in eyes 
pretreated with 0.01% dexamethasone 
phosphate compared with 4.0 mm Hg 
in eyes treated only with 0.1% epi- 
nephrine hydrochloride. Obstbaum et 
al” compared 4 weeks of low-dose epi- 
nephrine hydrochloride therapy in one 
eye of a patient with ocular hyperten- 
sion with no treatment in the other 
eye. Statistically significant differ- 
ences were obtained only at epineph- 
rine hydrochloride concentrations 
greater than or equal to 0.5% and not 
at 0.12% or 0.25%. At epinephrine 
hydrochloride concentrations of 0.5% 
and 1.0%, these authors obtained mean 
ocular pressure decreases (corrected 
for pressure changes in untreated 
eyes) of 3.88 mm Hg and 5.13 mm Hg, 
respectively, while at concentrations 
of 0.12% and 0.25%, mean ocular pres- 
sure decreases were 1.69 mm Hg and 
0.94 mm Hg, respectively. Langham et 
al“ in normal subjects and Kitazawa” 
in subjects with open angle glaucoma 
reported no significant lowering of ocu- 
lar pressure below 2% epinephrine free 
base. Our results suggest that pre- 
treatment with dexamethasone may 
make possible the use of lower doses of 
epinephrine. 

The observation that the two nonre- 
sponders in the study were the oldest 
subjects may be related to reported 
diminished responsiveness in B-adren- 
ergic receptor-mediated functions with 
advanced age.’ The lack of significant 
differences in response for sex, race, 
and iris color as well as increased 
pigmentation of the angle may be re- 
lated to the size of the sample of 
subjects studied (n= 12). 

Our study was a short-term study 
tnat did not address the problems of 
long-term use of dexamethasone and 
epinephrine in the therapy of ocular 
hypertension and glaucoma. Long- 
term use of epinephrine is associated 
with well-known side effects. In one 
series of 50 patients using 2% epineph- 
rine hydrochloride or epinephrine bi- 
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tartrate, only 10 patients 20%) could 
continue epinephrine use for a 4-year 
period.“ Reactive hyperemia, irrita- 
tion, and tearing affected two thirds of 
the patients. The use of lower doses of 
epinephrine or dipivefrin (dipivalyl 
epinephrine)” may obviate many of 
these side effects. 

The long-term use of topical gluco- 
corticoids at current therapeutic doses 
(eg, 0.1% dexamethasone phosphate) 
is also associated with undesirable side 
effects. A rise in ocular pressure usual- 
ly oceurs after 3 to 4 weeks of continu- 
ous use of 0.1% dexamethasone phos- 
phate drops three times a day.” 
Yablonski et al” and Donshik et al" 
found a correlation between long-term 
topical glucocorticoid use and develop- 
ment of cataracts, especially of the 
posterior subcapsular type. This oc- 
curs with the use of 0.1% dexametha- 
sone phosphate applied to the eye over 
a period of 2 to 36 months. 

Armaly“ demonstrated dose-depen- 
dent increases in ocular pressure in 
response to topical dexamethasone in 
those normal subjects who did re- 
spond, with the greatest increases 
with 0.1% dexamethasone. Adminis- 
tration of 0.01% dexamethasone three 
times daily for 4 weeks produced a 
pressure increase no greater than 5 
mm Hg in two of 17 subjects. Podos 
and Becker” tested 0.005% and 0.001% 
dexamethasone in 24 apparently nor- 
mal subjects and patients with ocular 
hypertension (S. M. Podos, MD, writ- 
ten communication, April 6, 1988) in 
whom pressures greater than 31 mm 
Hg developed with 0.1% dexametha- 
sone phosphate four times a day for 2 
to 6 weeks. With the 0.005% dexa- 
methasone phosphate, an increase of 
pressure greater than 5 mm Hg oc- 
curred in 11 patients and an increase of 
pressure greater than 15 mm Hg oc- 
curred in two patients. With the 
0.001% dexamethasone phosphate, 
only two patients had a rise greater 
than 5 mm Hg. It is difficult to extend 
these observations from very sensitive 
individuals to patients receiving epi- 
nephrine and dexamethasone as in this 
present study. 

Future studies are planned to obtain 
the lowest possible doses of both epi- 
nephrine and dexamethasone that will 
still show an enhanced lowering of 
ocular pressure over current therapeu- 
tic doses of epinephrine alone. If these 
drugs can be effective on a long-term 
basis with a minimum of side effects, 
then another mode of therapy for ocu- 
lar hypertension and glaucoma will be 
available. 

This study was supported in part by a grant 
from Research to Prevent Blindness Inc, New 





York, NY. 

This research was done while Dr Bealka was a 
fellow at Tufts-New England Medical Center. 

Mark Manning performed the statistical an- 
alysis. 

Dr Schwartz has assigned a proprietary inter- 
est in the use of glucocorticoids and epinephrine 
for treatment of glaucoma through a relevant 
patent to the New England Medical Center Hos- 
pitals. Dr Bealka has no preprietary interest in 
the use of glucocorticoids and epinephrine for the 
treatment of glaucoma. 


References 


1. Stiles GL, Caron MG, Lefkowitz RJ, Beta- 
adrenergic receptors: biochemical mechanisms of 
physiological regulations. Physiol Rev. 1984; 
64:661-743. 

2. Shenfield GM, Hodson ME, Clarke SW. In- 
teraction of corticosteroids and catecholamines in 
the treatment of asthma. Thorax. 1975:30:430-435. 

3. Franklin W, Michelson AL, Lowell FC, 
Schilter IW. Bronchodilators and corticosteroids in 
the treatment of obstructive pulmonary emphyse- 
ma. N Engl J Med. 1958;258:774-778. 

4. Harris MA, Schwartz B. Steroid potentiation 
of beta adrenergic sensitive adenylate cyclase in 
rabbit ciliary processes. Invest Opthalmol Vis Sei. 
1987;28:1024-1027. 

5. Ungricht B, Schwartz B. Enhanced ocular 
hypotensive response of epinephrine with prior 
dexamethasone treatment. Invest Ophthalmol Vis 
Sei. 1985;26(suppl):6. Abstract. 

6. Rom M, Bealka N, Schwartz B. Enhanced 
ocular hypotensive response to epinephrine with 
prior dexamethasone treatment: dexamethasone 
dose response in rabbits, and an acute clinical trial 
in ocular hypertensives. Invest Ophthalmol Vis 
Sci. 1987;28(aupph:268. Abstract. 

7. Snedecor GW, Cochran WG. Statistical Meth- 
ods. 6th ed. Ames, Iowa: Iowa State University 
Press; 1967. 

8. Seigel S. Non-parametric Statisties for Be- 
havioral Sciences. New York, NY: McGraw Hill 
International Book Co; 1956. 

9. Neufeld AH. The mechanism of action of ad- 
renergic drugs in the eye. In: Drance SM, Neufeld 
AR, eds. Glaucoma: Applied Pharmacology in 
Medical Treatment. New York, NY: Grune & 
Stratton; 1984:277-301, 

10. Obstbaum SA, Kolker AE, Phelps CD. Low- 
dose epinephrine: effect on intraocular pressure. 
Arch Ophthalmol. 1974;92:118-120. 

ll. Langham ME, Kitazawa Y, Hart RW. Ad- 
renergic responses in the human eve. J Pharmacol 
Erp Ther. 1971;179:47-55, 

12. Kitazawa Y. Dose response analysis of ocular 
hypotensive effects of epinephrine and norepineph- 
rine. Jpn J Ophthalmol. 1972:16:30-38. 

18. Kelly J, O'Malley K. Adrenoceptor function 
and aging. Clin Sei. 1984;66:509-515. 

14. Becker B, Morton WR. Topical epinephrine 
in glaucoma suspects. Am J Ophthalmol. 1966; 
62:272-277. 

15. Havener WH. Ocular Pharmacology. 5th 
ed. St Louis, Mo: CV Mosby Co; 1983:287-289. 

16. Schwartz B. Responses of ocular pressure to 
corticosteroids: corticosteroids and the eye. Int 
Ophthalmol Clin. 1966:6:929-989, 

17. Yablonski ME, Burde RM, Kolker AE, 
Becker B. Cataracts induced by topical dexametha- 
sone in diabetics. Arch Ophthalmol. 1978:96:474- 
476. 

18. Donshik PC, Cavanaugh HD, Boruchoff SA, 
Dehiman CH. Posterior subcapsular cataracts in- 
duced by topical corticosteroids following kerato- 
plasty for keratoconus. Ann Ophthalmol, 1981; 
13:29-32. 

19. Armaly MF. Steroids and glaucoma: sympo- 
sium on glaucoma. Trans New Orleans Acad 
Ophthalmol. 1967:74-128. 

20. Podos SM, Becker, B. Intraocular pressure 
effeets of diluted and new topical corticosteroids. 
In: Leopold 1H, ed. Symposium on Ocular Thera- 
py: F St Louis, Mo: CV Mosby Co; 1972;5:90-95. 





Hypotensive Response—Bealka & Schwartz 





Quantitative Descriptors of Corneal Topography 


A Clinical Study 


Steven E. Wilson, MD, Stephen D. Klyce, PhD 


® Quantitative descriptors of corneal 
topography determined by computerized 
algorithm and designed to augment the 
information derived from topographic 
maps were evaluated in a clinical study. 
The surface regularity index, a measure 
of central corneal optical quality, was 
highly correlated with best spectacle- 
‘corrected visual acuity (p = 0.80, P<.001). 
< The: relatively low correlation between 
the surface asymmetry index, a measure 
of central corneal asymmetry, and best 
spectacle-corrected visual acuity (p= 
0.62, P<.005) suggests that corneal sym- 
metry is a lesser but still important deter- 
minant of the optical performance of the 
anterior corneal surface. There was also 
a high correlation between factors deter- 
mined from computer-generated orthog- 
onal simulated keratometer values and 
clinical keratometry values (mean corne- 
al power, total corneal cylinder, and the 
location of the steepest corneal merid- 
ian). The information derived from these 
algorithms has both clinical and re- 
search applications and can be incorpo- 
rated into computer-assisted topograph- 
ic analysis systems. 
(Arch Ophthaimol. 1991;109:349-353) 


U neerstanding the contribution of 

each optical element in the eye is 
essential to differentially diagnose the 
source of visual loss. With recent ad- 
vances in corneal topography, it has 
become obvious that estimates of cor- 
neal clarity and the regularity of kera- 
tometer or keratoscope mires are not 
- sufficient to determine optical perfor- 
mance. Computer-assisted corneal to- 
pography analysis has afforded the 
necessary sensitivity to provide clini- 
cally useful diagnostic information 
about corneal shape anomalies, in the 
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form of color-coded contour maps of 
corneal surface power.” Although 
these graphic presentations are based 
on the quantitative information con- 
tained in the reconstructed three- 
dimensional surfaces of analyzed cor- 
neas, they are not sufficiently quanti- 
tative in their format to permit their 
use in clinical trials that may seek to 
evaluate various forms of anterior seg- 
ment refractive surgery. Previous 
workers have sought to develop statis- 
tical indexes or indicators of corneal 
shape anomalies by basing their analy- 
sis directly on the geometric character- 
istics of the mire patterns seen in 
keratoscope photographs.’ Recently, 
we have sought to derive useful statis- 
tical indexes of corneal optical quality, 
not by restricting consideration to a 
two-dimensional transform of actual 
corneal shape as done before, but 
by applying our analysis to the three- 
dimensional surface of the recon- 
structed cornea.’ 

In this study we evaluated quantita- 
tive parameters related to corneal sur- 
face power asymmetry (surface asym- 
metry index [SAI])’ and localized 
surface regularity within the central 
area of the cornea (surface regularity 
index [SRI]) as predictors of the opti- 
cal performance of the corneal surface. 
Our results suggest that localized cor- 
neal surface regularity (SRI) is a 
greater determinant of visual acuity 
than corneal surface power asymmetry 
(SAD. In addition, we have evaluated 
the correlation between the simu- 
lated keratometry value (Sim K) and 
standard keratometer measurements. 
These quantitative factors should be 
useful clinically and in the develop- 
ment of keratorefractive surgical pro- 
cedures. Portions of this work were 
presented previously.” 


SUBJECTS AND METHODS 


Candidates for the study were selected to 
provide a wide range of normal and patho- 
logic corneal topographic patterns. Each 
candidate was examined by one of the au- 
thors (S.E.W.). Only one eye of each sub- 
ject, determined by random selection, was 
included in the study to avoid bias. Clinical 
keratometer measurements were obtained 
using an American Optical (AO) kerato- 
meter (Allergan Medical Optics, Irvine, 


Calif). The calibration of the keratometer 
was confirmed using a calibration sphere 
prior to the examination of each subject. 
Manifest refraction was then performed un- 
der standardized lighting in a single refrac- 
tion lane using the Bailey Acuity Chart 
modified for the Early Treatment of Diabet- 
ic Retinopathy Study (ETDRS).’ In each 
case, the end-point location and power of 


the refractive cylinder was determined se~ . 7 


quentially with l-diopter (D), 0.5-D, and 
0.25-D Jackson cross cylinders. This se- 
quence ensured that patients with poor 
visual acuity, who could not discern a differ- 
ence with lower-power Jackson cross cylin- 
ders, had the best possible subjective re- 
finement of the refractive cylinder. -If 
the best spectacle-corrected visual acuity 
(BSCVA) was worse than 20/20, a rigid 
contact lens overrefraction was performed. 
Candidates with a contact lens overrefrac- 
tion visual acuity worse than 20/20 were 
excluded from the study. Therefore, pa- 
tients with decreased corneal clarity, am- 
blyopia, macular abnormalities, and other 
sources of decreased visual acuity unrelated 
to corneal topography were not included, so 
that variations in BSCVA could be ascribed 
to optical aberrations of individual corneal 
topography. Finally, computer-assisted to- 
pographic analysis was performed using a 
system (Corneal Modeling System [CMS], 
Computed Anatomy Inc, New York, NY) 
calibrated with standard spheres. Informed 
consent was obtained from each candidate 
prior to enrollment. 

Thirty-one eyes of 31 subjects met the 
criteria for inclusion. Specifie diagnoses 
were simple myopia (two eyes), compound 
myopic astigmatism (three eyes), kerato- 
conus (five eyes), contact. lens-induced cor- 
neal warpage (eight eyes), penetrating ker- 
atoplasty (five eyes), epikeratophakia for 
myopia (five eyes), and epikeratophakia for 
keratoconus (three eyes). The only candi- 
dates excluded from the study were those 
that had less than 20/20 rigid contact 
lens overrefraction (three patients), orbital 
anatomy that prevented study with the 
CMS (one patient), or corneal topography 
that was too distorted for automated digiti- 
zation by the CMS (one patient). Topo- 
graphic features were recorded with abso- 
lute (Color Fig 1) and normalized scale 
color-coded maps.” The methods used to 
generate the topographic maps from 
data derived from photokeratoscope images 
have been described elsewhere.” Topo- 
graphic data from each subject were ana- 
lyzed using three separate computerized 
algorithms: the Sim K value, the SAI,” and 
the SRI. 

The Sim K value was determined from 
the power points on mires 7, 8, and 9 of the 
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CMS videokeratoscope for 128 equally 
spaced meridians. These rings were se- 
lected because their position relative to the 
center of the corneal surface approximates 
the position at which the AO keratometer 
determines corneal curvature.” The power 
for each meridian was the mean of the six 
power points determined by the intersec- 
“tion of the meridian with the specified 
mires. The steepest meridian was defined 
as the meridian with the highest mean 
power. The power and location of the me- 
ridian 90° from the steepest meridian deter- 
mined the orthogonal Sim K values that 
were compared with AO keratometry val- 
ues. The mean corneal power was deter- 
mined from the mean of the powers for the 
steepest and flattest meridians for the AO 
keratometry and the orthogonal Sim K 
values. 

The SAI was determined as previously 
described’ from the centrally weighted 
summation of differences in corneal power 
between corresponding points 180° apart on 
the photokeratoscope mires over 128 equal- 
ly spaced meridians. For example, if on ring 
1 the calculated dioptrie power was 45 D at 
O° and 42 D at 180°, a value of 3 would be 
entered into the summation for the corneal 
surface average. Similar values were en- 
tered into the summation for all of the 
corresponding points on the four central 
photokeratoscope mires. These mires were 
selected so that the SAI would correlate 
with central corneal symmetry since that is 
characteristic of normal corneas." Theoreti- 
cally, the SAT value would be 0 for a perfect 
sphere, a surface with perfectly spherocy- 
lindrical regular astigmatism, and for any 
surface with a power that is radially sym- 
metrical. Given that there will be error in 
the instrument used to measure SAI, a 
reference sphere with a radius of curvature 
of 7.93 mm was used to determine the limits 
on precision and accuracy of the SAI 
algorithm. 

The algorithms used for the calculation of 
SRI were derived as follows: using data 
files generated by the CMS, the SRI algo- 
rithm first evaluates the frequency distri- 
bution of powers along each of 256 hemi- 
meridians of analyzed corneal surface. The 
CMS generally reports up to 26 mires of 
surface power from the center to the pe- 
riphery of the cornea. To stay within the 
average virtual pupil, we used only the first 
10 rings in the videokeratoscope analysis 
for the determination of the most frequent- 
ly occurring surface power. The powers on 
a given hemimeridian for three successive 
mires were examined. If the powers of the 
three adjacent rings were irregular (other 
than steadily increasing, decreasing, or re- 
maining the same), this irregularity was 
summed into the final SRI as a positive 
number, In mathematical terminology, any 

difference in power gradient between 
successive mire pairs was assigned a posi- 
tive value and added to the running sum. 
This process was continued for the inner- 
most 10 mires for all of the 256 hemimeri- 
dians, and all those surface powers that 
were within a + 1.0-D-window. of the most 
frequently occurring surface: power within 
the central cornea. The £1.0-D width of 
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Fig 1.—Equation for surface regularity index 
(SRI), where A and B are scaling constants, 
pi jis the matrix of corneal surface powers, jis 
the hemimeridian index, j is the keratoscope 
ring number, and N is the total number of 
powers within the = 1.0-D window. 


the window was determined retrospectively 
by optimizing the correlation coefficient of 
SRI vs BSCVA. Finally, in the formulation 
of SRI, the more regular the surface. the 
lower the SRI value. This is consistent with 
the Snellen and Bailey visual acuity scales 
in the sense that, the lower the number, the 
better the visual acuity. With these consid- 
erations, SRI can be written as shown in 
Fig 1. 

‘or a perfectly smooth surface, SRI 
would approach 0, but, as with SAI, a 
7.93-mm_ radius of curvature reference 
sphere was used to determine the limits on 
precision and accuracy of the SRI 
algorithm. 

Correlations between factors were deter- 
mined using the Spearman rank correlation 
coefficient, which does not assume a normal 
distribution. Similarly, statistical compari- 
sons were performed using the Wilcoxon 
Sign-Rank Test. P<.05 was considered 
statistically significant. Errors were ex- 
pressed as SEM. Confidence intervals in 
regression plots represent the 95% confi- 
dence interval for the slope of the regres- 
sion line. 


RESULTS 


The correlations between the Sim K 
and AO keratometry values were de- 
termined for mean corneal power, total 
cylinder, and the location of the steep- 
est meridian. The AO keratometry val- 
ues were not recorded for one subject 
because the mires were too distorted 
for meaningful measurement. The cor- 
relation between Sim K mean corneal 
power and AO keratometry mean cor- 
neal power was statistically significant 
(p=0.90, P<.001, n=30; Fig 2). In 
this and subsequent scatter plots, the 
data points have been identified as one 
of four groups to facilitate interpreta- 
tion: (1) normal (simple myopia 
and compound myopic astigmatism); 
(2) surgical (postoperative penetrating 
keratoplasty, epikeratophakia for myo- 
pia, or epikeratophakia for kerato- 
conus); (3) keratoconus; and (4) contact 
lens-induced corneal warpage. The to- 
tal cylinder was defined as the differ- 
ence in power between the steepest 
and flattest meridians for the AO kera- 
tometry values and the orthogonal Sim 
K values. There was a high correlation 
between the Sim K total cylinder and 





the AO keratometry total cylinder 
(p=0.68, P<.005, n=30; Fig 3). The 
poorest correlation tended to be in 
patients with high irregularity (kerato- 
conus and contact lens-induced war- 
page) and in normal patients with low 
corneal cylinder. The correlation be- 
tween the locations of the Sim K steep- 
est meridians and the AO keratometry 
steepest meridians was also significant 
(p=0.53, P=.01, n=29; Fig 4). The 
number of observations (n) was de- 
creased because of zero cylinder for 
some subjects for one or more of the 
measurement methods. 

To test the significance of the differ- 
ence in the location of the steepest 
meridian as determined by the AO 
keratometry values and the Sim K 
keratometry values, we determined 
the deviation of the location of the 
steepest meridian measured by each of 
these methods from the location of the 
steepest meridian measured by refrac- 
tion for each of the subjects. The devi- 
ation of the AO keratometry location 
(mean+SE, 16.9°+3.3°) was not sig- 
nificantly different from the deviation 
of the Sim K location (22.8°+3.7°; 
P=.10, n=30). The deviation of the 
location of the steepest meridian for 
Sim K values from the location of the 
steepest meridian determined by re- 
fraction was inversely correlated with 
the level of the refractive cylinder 
(p=0,46, P<.05) There was also a 
trend toward a negative correlation 
between the deviation of the location of 
the steepest meridian for AO kerato- 
metry values and the location of the 
steepest meridian determined by re- 
fraction, but the trend was not statisti- 
cally significant (p= 0.18, P= .28). 

The statistically significant correla- 
tion between SAI and BSCVA is 
shown in Fig 5 (p=0.62, P<.005, 
n=31). Examples of divergence in SAI 
values and BSCVA are provided in 
Color Fig 2. One patient had relatively 
poor BSCVA (20/60; ETDRS, 0.5) de- 
spite low central corneal asymmetry 
(SAT =1.03). Another had relatively 
good BSCVA (20/32; ETDRS, 0.2) de- 
spite high central corneal asymmetry 
(SAI=5.50). The mean SAI deter- 
mined with the reference sphere was 
0.12 +0.01 (range, 0.09 to 0.18; n= 7). 

The correlation between SRI and 
BSCVA was statistically significant 
(p= 0.80, P<.001, n=31) (Fig 6). If the 
+1.0-D criterion for deviation from 
the most frequent power (“power win- 
dow”) was ignored in determining 
SRI, the correlation coefficient fell 
markedly. Despite the high correlation 
between the SRI and BSCVA, a par- 
ticular SRI could be associated with a 
range of BSCVA values. For example, 
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Fig-2.—Correlation between simulated keratometry (Sim K) and 
American Optical keratometry mean corneal power (p= 0.90, P<.001, 
n==30). K indicates keratometry; CL, contact lens. 
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Fig 4.—Correlation between the location of the steepest meridian 
determined by simulated keratometry (Sim K) and American Optical 
keratometry (p = 0.53, P = .01, n= 29). CL indicates contact lens. 
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Fig 3.—Correlation between simulated keratometry (Sim K) and 
American Optical keratometry total cylinder (p=0.68, P005; 
n= 30). CL indicates contact lens. ee 
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Fig 5.—Correlation between surface asymmetry index (SAI) and best. 
spectacle-corrected visual acuity (p = 0.62, P= .995, n= 31). CL indi- 
cates contact lens. in this figure and in Fig 6, correspondence between 
Early Treatment of Diabetic Retinopathy Study numerics and Snellen 
visual acuities are as follows: — 0.3, 20/10; -0.1 20/16;-0,.0, 20/205: 
0.1, 20/25; 0.2, 20/32; 0.3, 20/40; 0.4, 20/50; 0.5, 20/63; 0.7, 20/100; 


= Fig 6- shows a wide range of SRI 
values in-patients with similar visual 

acuity (20/82; 0.2, ETDRS). The mean 

SRI. determined with the reference 

sphere was 0.05+0.08 (range, —0.09 
to 0,15; n=7). 


COMMENT 


Computer - assisted corneal topo- 
graphic analysis has provided informa- 
tion essential for understanding patho- 
logic and surgical alterations. of the 
shape of- the anterior corneal sur- 
face." The objective of the present 
investigation was to study three re- 
` ently developed quantitative descrip- 


Arch Ophthaimol—Vol 109, March 1991 








and 1.0, 20/200. 


tors. The SRI and SAI were designed 
to quantitatively evaluate different 
characteristics of anterior corneal sur- 
face topography. The SRI correlates 
with localized surface regularity within 
the central area of the cornea that 
corresponds approximately to the area 
of the entrance pupil under standard 
lighting conditions.” The SAI corre- 
lates with central corneal asymmetry. 
It is useful to outline the observa- 
tions that led to the development of 
the SRI algorithm. In previous stud- 
ies, we found that the correlation of 
SAI with BSCVA was reduced as 
more classes of corneal surface distor- 


tion were included. Hence, other cor- 
relates of optical distortion te BSCVA, -— 
were considered. To aid inthe develop- 
ment of an appropriate index, a series 
of ray-tracing experiments were initi- 
ated using a first principle-based ap- — — 
proach that provided a measure of 
insight into the qualities of the corneal - 
surface that were important for the __ 
production of crisp vision.” It-ap- 9 
peared that the quality of a given — 
corneal surface was related more tò 
the local “smoothness” of that surface. 
than to the commonly. considered lens 
flaws, such-as. spherical aberration and 
distortion. Hence, the SRI was devel- 
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Color Fig 1.—Corneal Modeling System absolute scale topographic 
map of a normal cornea (surface asymmetry index, 0.18; surface 
regularity index, 0.20; best spectacle-corrected visual acuity, 20/25 
[Early Treatment of Diabetic Retinopathy Study, 0.1)). 
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Color Fig 2.—Top left, Absolute scale topographic map of a patient 
with keratoconus with a peripheral cone and good best spectacle- 
corrected visual acuity (BSCVA) despite high central corneal asym- 
metry and low surface regularity (surface asymmetry index [SAI], 5.50; 
surface regularity index [SRI], 1.98; BSCVA, 20/32 [Early Treatment of 
Diabetic Retinopathy Study (ETDRS), 0.2]). Top right, Absolute scale 
topographic map of a patient with contact lens warpage with a similar 
BSCVA associated with low central corneal asymmetry and high 
central regularity (SAI, 0.70; SRI, 0.41; BSCVA, 20/32 [ETDRS, 0.2)). 
Bottom, Absolute scale topographic map of a patient with keratoconus 
with a central cone and poor BSCVA associated with low central 
regularity despite low central corneal asymmetry (SAI, 1.03; SRI, 2.10; 


BSCVA, 20/63 [ETDRS, 0.5]). 


oped as a quantitative index of local 

corneal surface power variations. 
Several underlying concepts were 

employed in the development of the 
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SRI. First, only the area of the cornea 
that would be used by the average 
patient for the measurement of Snellen 
chart visual acuity under the average 
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Fig 6.—Correlation between surface regularity index (SRI) and best 
spectacle-corrected visual acuity (p = 0.80, P<.001, N=31). CL indi- 
cates contact lens. 
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illumination conditions presented by 
the modified ETDRS chart would be 
considered.’ This vision is thought to 
occur through a virtual pupil approxi- 
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mately 4.5 mm in diameter, corre- 
sponding approximately to the 10 cen- 
tral rings of the CMS videokerato- 
“<geope.. Second, in the course of these 
studies, it became apparent that in 
--some subjects, visual acuity was more 
disturbed by local irregularity in the 
-corneal surface than by asymmetry of 
corneal surface powers about the puta- 
tive visual axis (Color Fig 2, top left). 
Third, the ray-tracing experiments 
suggested that, for a cornea exhibiting 
a wide range of surface powers (for 
example, moderate to advanced kera- 
teconus), one should exclude the shape 
characteristics of those parts of the 
= cornea whose powers were vastly di- 
“vergent from the most frequent pow- 
: ers in that corneal surface. The reason- 
ing was similar to that currently used 
to explain the effectiveness of bifocal 
contact lenses and intraocular lenses: a 
second, out-of-focus image on the reti- 
na may reduce contrast sensitivity, but 
it will not necessarily reduce visual 
acuity as measured by the usual and 
accepted means. 

Although there is a good correlation 
between the SRI and BSCVA, Color 
Fig 2 and Fig 6 demonstrate that 
similar BSCVA is possible over a wide 
range of surface regularity values. At 
. present, we cannot explain why some 
patients have good visual acuity de- 
spite a high SRI. In Fig 6, the two 
= patients with low SRI values and bet- 
ter than predicted BSCVA of 20/16 

CETDRS, —0.1) and 20/10 (ETDRS, 

—0.3) likely represent examples of 

subjects in whom the BSCVA is not 
limited by corneal topography. It is 
also important to point out that our 
analysis has not been extended to in- 
corporate the possible effects of the 
retinal contribution to image process- 
ing, the Stiles-Crawford effect, and 
geometric optical aberrations such as 
spherical aberrations, refractive index 
gradients, and the like. The results of 
this study also suggest that symmetry 
of the corneal topography is a lesser 
“determinant of visual acuity. 
~The SAI and SRI have the potential 
to be useful clinical and research tools. 
Since the normal corneal surface has a 
high degree of corneal symmetry,” the 
SAI is a quantitative indicator useful 
for monitoring changes in corneal to- 
pography. For example, in a recent 
study of contact lens-induced corneal 
warpage, SAI was used to establish 
quantitative criteria for stabilization of 
corneal topography after stopping con- 
tact lens wear as well as to monitor the 
return of normal topographie pat- 
terns.” The SRI is a useful predictor of 
the optical performance of the anterior 
corneal surface and, as such, has im- 
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portant implications for the quantita- 
tive evaluation of anterior segment 
surgical procedures. Clinically, a low 
SRI value suggests that poor visual 
acuity may be attributable to factors 
other than corneal topography, such as 
lens clarity and macular function. In 
clinical studies, the SRI provides a 
corneal factor related to visual acuity 
that can be obtained in patients with 
poor visual acuity resulting from other 
factors. For example, in a study of the 
effect of suture removal on the optical 
performance of the cornea, useful data 
could be obtained from the corneas of 
eyes with poor macular function where 
visual acuity is poor. Finally, the SRI 
should be useful for the preclinical 
development of keratorefractive proce- 
dures in animals where visual acuity 
data are unobtainable. 

Orthogonal Sim K values provide a 
useful factor that can relate the topog- 
raphy seen on a color-coded topograph- 
ic map to familiar keratometer mea- 
surements. There was a good cor- 
relation between the orthogonal Sim K 
values and AO keratometer measure- 
ments for mean corneal power, total 
cylinder, and the location of the steep- 
est meridian. A portion of the scatter 
for both total cylinder and the major 
cylinder axis is attributable to the 
inaccuracy of keratometer measure- 
ments performed on nonspherocylin- 
drical corneas in patients with kerato- 
conus and contact lens warpage and 
following corneal surgery. It is likely 
that this inaccuracy accounts for the 
trend toward higher Sim K values 
compared with AO keratometer total 
cylinder in patients with keratoconus 
and contact lens-induced corneal war- 
page (Fig 3). There was no significant 
difference in the location of the steep- 
est meridian determined by Sim K or 
AO keratometer values compared with 
the location of the steepest meridian 
determined by refraction. In theory, 
since Sim K values are determined 
from 12 power points selected from a 
total of 768 on mires 7, 8, and 9, 
compared with four points for kerato- 
meter values, they should be more 
accurate for irregular surfaces. This 
hypothesis should be tested when stan- 
dard aspheric surfaces are available. 
In addition, we have developed non- 
orthogonal Sim K values that are use- 
ful for determining the location of the 
actual flattest meridian, since the 
steepest and flattest meridians are 
commonly separated by less than 90° 
for corneas that have abnormalities 
affecting the anterior surface and fol- 
lowing surgical procedures. 

The quantitative descriptors de- 
scribed in this article can be incorpo- 





rated into computerized analysis sys- 
tems such as the CMS so that they are 
automatically provided, along with the 
visual acuity range predicted by the 
SRI value, during topographic analy- 
sis. When combined with the informa- 
tion that can be obtained from visual 
inspection of color-coded topographic 
maps, these descriptors provide con- 
siderable information that is useful in 
both the clinical and research environ- 
ments. 
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Lattice Corneal Dystrophy Type IIIA 


Clinical and Histopathologic Correlations 





E. Lee Stock, MD; Robert S. Feder, MD; Richard B. O'Grady, MD; Joel Sugar, MD; Sanford I. Roth, MD 


œ All three types of lattice corneal dys- 
trophy are inherited and localized, and 
they largely involve linear corneal amy- 
loid deposits. We encountered two white 
families with lattice corneal dystrophy 
which closely resembled type Ill. Four 
generations of one family and three of 
another family exhibited lattice corneal 
dystrophy. Because both families are 
from Caccamo, Sicily, Italy, we believe it 
is likely that both are from a single muta- 
tion. Thick, ropy lattice lines were seen 
to traverse the corneas almost from lim- 
bus to limbus and were easily detected 
-with direct illumination. Histopathologic 
examination revealed accumulations of 
varying sized amyloid deposits in the 
stroma and ribbons of amyloid between 
the stroma and Bowman’s layer typical of 
lattice corneal dystrophy type Hi. We 
have named the disease in this family 
lattice corneal dystrophy type IIIA, be- 
cause of three differences from lattice 
corneal dystrophy type Ill: the presence 
of corneal erosions, the occurrence in 
whites, and the autosomal dominant in- 
heritance pattern. 

(Arch Ophthalmol. 1991;109:354-358) 


he lattice corneal dystrophies 
(LCDs) are inherited forms of lin- 
ear stromal amyloidosis. They have 
~ been divided into three different types: 
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LCD type P” has onset early in child- 
hood and central lattice lines that are 
difficult to visualize with direct illumi- 
nation; LCD type H™ is associated 
with Meretoja’s syndrome and has lat- 
tice lines that are more peripheral than 
those seen in LCD type I; and LCD 
type HT’? has adult onset and lattice 
lines extending from limbus to limbus 
that are thicker and more easily seen 
with direct illumination than are those 
of LCD type I. Herein, we report a 
fourth type of LCD whose clinical ap- 
pearance and histologic features re- 
semble those of LCD type HI but 
which appears to be a new variant of 
LCD type IH. We call this variant 
LCD type IITA. 


REPORT OF CASES 


PROBAND.—The proband, born Novem- 
ber 14, 1923, was a 66-year-old white man 
(Fig 1, patient IH-2) with a 15-year history 
of LCD. He noted gradually decreasing 
vision in both eyes during the past 10 years. 
In the last 5 years, the right eye was 
treated three times for corneal erosions; no 
symptomatic erosions occurred in the left 
eye. The past medical history included a 
myocardial infarction and essential hyper- 
tension. He was referred to one of us 
(R.S.F.) for management of the recurrent 
corneal erosion and for a keratoplasty. 

On examination, the best corrected visual 
acuity was 20/400 OD and 20/200 OS. The 
right bulbar conjunctiva was mildly hyper- 
emic, A pterygium was present nasally, and 
a pinguecula was noted temporally. The left 
eye was white, except for nasal and tempo- 
ral pingueculae. The slit-lamp examination 
of the right cornea revealed several small 
epithelial defects. A latticelike arrange- 
ment of thick, refractile, branching, ropy, 
beaded lines of varying thickness was pres- 
ent in the middle to anterior portions of the 
corneal stroma bilaterally (Fig 2). The lat- 


tice lines extended across almost the entire 
cornea to the limbus and were easily seen 
with both direct illumination and retroil- 
lumination. Small dots, nodular opacities, 
and a diffuse haziness were noted between 
the lines. Except for the head of the pteryg- 
ium in the right eye, the corneas were 
avascular. The anterior segments of each 
eye otherwise were normal, The intraocular 
pressures were normal, and fundus exami- 
nations yielded normal findings bilaterally. 

Excision of the right pterygium was fol- 
lowed by a course of beta-irradiation. The 
corneal epithelium healed with a bandage 
soft contact lens. Three weeks later, a left- 
sided penetrating keratoplasty (PK) was 
performed. The visual acuity improved to 
20/20 OS. Seven months later, the patient 
underwent a right-sided PK, with a similar 
increase in visual acuity. 

OLDEST BROTHER (III-1).—The pro- 
band’s oldest brother, born August 6, 1921, 
was first seen by one of us (J.S.) at age 56 
years with a 10- to 15-year history of de- 
creasing visual acuity in both eyes. When 
first seen, his visual acuity was 20/40+3 
OD and 20/400 OS. There was no history of 
corneal erosions. Both corneas had deep, 
ropy, branching opacities, and similar opac- 
ities were seen in the superficial stroma 
(Fig 3). The opacities were close to the 
limbus, and bilateral pterygia were noted. 
At age 56 years, the patient underwent a 
left-sided PK. Postoperative best corrected 
visual acuity was 20/25. Approximately 5 
years postoperatively, early superficial rod- 
like lattice lines were noted in the left 
corneal graft. Visual acuity had decreased 
to 20/200 OD. At age 61 years, he under- 
went a right-sided PK. Postoperative cor- 
rected visual acuity was 20/25. Recurrent 
erosions began to appear in the right eye at 
age 66 years; the lattice depositions had 
recurred. At age 67 years, visual acuity was 
20/200 OS, and a repeated PK combined 
with lens extraction was performed. When 
last seen the visual acuity was 20/30+2 OS 
and 20/200 OD with recurrent lattice 
dystrophy. 
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- Fig 1.-—Pedigree of family A. Blackened areas represent affected individuals; squares, males; 
~ circles, females; arrrow, proband (IIl-2); E, those with corneal erosions; star, those examined by 


individuals. 


YOUNGEST BROTHER (III-3).—The pro- 
band’s youngest brother, born April 25, 
1926, was first seen by one of us (J.S.) at 
-age 55 years with a 10-year history of 
decreasing vision. He gave no history of 
corneal erosions. When initially seen, his 
best corrected visual acuity was 20/20 OD 
and 20/80 OS. A nasal pterygium was pre- 
sent in the left eye. Ropy, thick lattice lines 
Were present in both corneas, involving 
predominantly the anterior third of the 
< stroma and not extending to the limbus. A 


-< left-sided PK and excision of the pterygium 
<: were performed. Postoperative visual acu- 


ity. was. 20/30. Within 2 years, minimal 
rodlike subepithelial lattice changes were 
present. in the graft, which slowly pro- 
gressed during the ensuing years. A right- 
sided PK was performed at another institu- 
“ction at age 63 years. 

MOTHER (II-1).—The probands mother, 
an only. child who is alive and well at 87 
years of age, had no evidence of lattice 
dsytrophy, according to the proband. 

FATHER (II-2).—The probands father, 
born January 18, 1897, died in 1983. He had 

“only-one sibling (not shown in Fig 1), who 
had’ died at age 2 years. The father was 
= examined by one of us (.S.) at age 79 years 
“because: of decreasing vision and a corneal 
erosion in his left eye. His right eye had 
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F, those examined by R.S.F.; S, those examined by J.S.; and crosses, deceased 


been removed because of a “tumor” at age 
61 years. Best corrected visual acuity was 
20/400 OS. Slit-lamp examination showed 
thick, ropy, deep lattice lines, with dichoto- 
mous branching, that approached the lim- 
bus for 360° and were less dense in the 
center of the cornea. Similar superficial 
lattice lines were shorter and thinner than 
the deep lattice lines. The overlying corneal 
epithelium was irregular. Keratoplasty was 
suggested, but the patient refused opera- 
tion or further ophthalmologic care. He died 
7 years later at the age of 86 years. He was 
the first cousin of his spouse (Fig 1, H-1). 

MATERNAL GRANDMOTHER (I-1).—The 
proband’s maternal grandmother apparent- 
ly had lattice dystrophy and was the sister 
of the proband’s paternal grandmother 
(1-3). 

MATERNAL GRANDFATHER (1-2).—The 
visual history of the maternal grandfather 
is unknown. 

PATERNAL GRANDMOTHER (I-3).—Ac- 
cording to her son, the proband’s paternal 
grandmother apparently had lattice dystro- 
phy. She was the sister of the proband’s 
maternal grandmother (1-1). 

PATERNAL GRANDFATHER (1-4).—The 
probands paternal grandfather had normal 
vision. 

OLDEST NIECE (IV-1).—The probands 





oldest niece was examined by one of us 
LS.) in-1978- at age 27 years, She was 


found to have superficial lattice lines in her . : 
right cornea. Her two children were exam- 
ined simultaneously (by JS.) at ages d.and 


2 years and were found to be without eye 
disease. 

OTHER NIECES div-2 THROUGH 5) AND 
THEIR CHILDREN (IV-6 THROUGH 9).— 
Three younger nieces, when seen in 1978 by 


one of us (J.S-}, did not have evidence of. 
lattice dystrophy. Three ofthe probands: __ 
four children (wo sons, aged 39 and 290 
years, and one daughter, aged 30 years) 
have been examineg by one.of us: (R.S.F) 
and are currently (in 1990) free of corneal. 
disease. One. daughter (V-9), aged 26... 


years, and one-niece (1V-4) have not been. 


examined. The youngest: brother has no S 


children. 
FAMILY B.—The proband of family” B- 


presented to one of us (E.L.S.) witha right- e 


sided corneal erosion (Fig 4, 111-9). Exami- 


nation revealed typical lattice dystrophy 


with large, ropy lattice-lines in the right eye’ 


(Fig 5); the left eye showed early lattice 


changes. A complete family ‘history was 
obtained, which demonstrated confirmed — 
lattice changes in a younger sister (HET) 
(examined by E.L.S.). A history suggestive 


of lattice dystrophy was. obtained in the- — 
mother and two uncles (1-1, I2, and H6} 


Several other members of the family were 
examined by one of us (E.L.5,), and no 
additional cases were found (Fig 4). 


Both families originated in Caccamo (near. : 
Palermo), Sicily, Italy. As far as they could =~ 


ascertain, no known relationship. existed 
between the two families. However, each: 
family was able to trace its lineage only 
through two generations. 


In addition to the usual histologic prepa-. : 
rations, portions of the corneal button ob- - 


tained from the right-sided PK of the pro- 
band was prepared for electron microscopic 
examination” and plastic-embédded light 
microscopie examination. 


HISTOPATHOLOGIC FINDINGS 


Light microscopic findings, available 


for the proband (family A, HI-}) and 
his youngest brother (111-3), revealed 


essentially similar findings: large to. : 


medium-sized, irregular, ovoid, Congo 


red-positive material distributed un- — 


evenly in the middle to: anterior por- 
tions of the stroma (Fig 6). Focal areas 
of irregular longitudinal amyloid de- 
posits were noted just. posterior to 


Bowman’s layer (Fig 6). No evidence. - 


of subepithelial fibrosis or thickening 
of Bowman’s layer was noted... The 


congophilic deposits exhibited marked _ : 


dichroism with. plane polarized light; 


Examination of toluidine blue-stained 
epoxy resin~embedded sections. re- — 


vealed similar deposits. The epitheli- 


um, the epithelial basement mem- __ 
brane, Descemet’s membrane, and the 


endothelium appeared to be normal. 


Light microscopie studies of the re- : 


current lattice changes (I]I-1) revealed 
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Fig 3.—Cornea of patient IIl-1 in family A shows thick branch- 
ing lattice lines throughout the cornea on sclerotic scatter. 





Fig 2.—Left cornea of the proband in family A shows thick 
branching lattice lines throughout the cornea on fundus 
retroillumination. 

















J 


Fig 4.—Pedigree of family B. Blackened areas represent affected individuals; hatched areas, Fig 5.—Right eye of proband in family B (III- 
individuals suspected, but not proved, to be affected; squares, males; circles, females; E, those 9) shows thick, ropy lattice lines on iris 
examined by the authors; L, those examined by E.L.S.; crosses, deceased individuals; arrow, retroillumination. 

proband (Ill-9); 3P, three sisters of the father of the proband; and 4P, four brothers of the father of 





the probrand. Fig 7.—Subepithelial deposits of amyloid in the graft of the 
oldest brother in family A (Fig 1, Ill-1). This photomicrograph 
was obtained through the graft site, as indicated by the break in 
Fig 6.—Photomicrograph of the right cornea of the oldest Bowman’ layer. The graft is to the left of the photomicrograph 
brother in family A (Fig 1, Ill-1). Note the amyloid deposit just and the host cornea is to the right. At the graft site, the amyloid 
posterior to Bowman's layer and a large irregular deposit in the extends through Bowman's layer into the stroma (Congo red 
stroma (Congo red, original magnification x 56). with polarized light, original magnification x 90). 
is 2 Se Se ae = = — EE EA ae é 
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Fig 8.—Recurrent amyloid deposit in the corneal graft of the 
oldest brother of the proband in family A (Fig 1, Ill-1) (Congo 
red, original magnification x 35). 


amorphous eosinophilic, congophilic 
material in the subepithelial region an- 
terior to Bowman's layer (Fig 7) of the 
graft. Similar, although smaller, de- 
posits were seen in the middle portion 
of the stroma of the graft (Fig 8). 
Linear amyloid deposits were seen 
along the keratoplasty scar from the 
break in Bowman’s layer to that in 
Descemet’s membrane (Fig 9). Residu- 
al amyloid deposits were seen in the 
patients corneal rim. In the recurrent 
disease, these deposits were smaller 
than those seen originally. No deposits 
were seen in the transplant in the 
region just posterior to Bowman's lay- 
er. Other findings included a fibrous 
sear between Bowman's layer and the 
epithelium, keratocyte loss, and ab- 
sence of endothelium, which was prob- 
ably artifactual. 

Ultrastructural studies revealed 
masses of typical amyloid filaments in 
the stroma just posterior to Bowman's 
layer and anterior to the lamellar colla- 
gen. Similar deposits of amyloid fibrils 
were seen between the lamellar colla- 
gen bundles in the anterior to middle 
portions of the stroma. The epitheli- 
um, Bowman's layer, the stroma be- 
tween the amyloid deposits, Desce- 
met’s membrane, and the endothelium 
all appeared to be normal. No inflam- 
matory cells were present in the 
cornea. 


COMMENT 


Lattice corneal dystrophy has been 
categorized into three forms. The clas- 
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Fig 9.—Amyioid deposit along the scar be- 
tween the graft (to the right) and the host 
cornea (to the left) (Congo red, original mag- 





nification x 9). 


sic form, LCD type I, was first de- 
scribed by Biber in 1890.’ In 1967, 
Klintworth*® perceived that this disease 
represented amyloid deposits within 
the corneal stroma, a finding corrobo- 
rated by Garner.” Meretoja et a” 
observed LCD type II in patients with 
systemic hereditary amyloidosis (fa- 
milial amyloid polyneuropathy). Final- 
ly, LCD type IH was characterized by 
Hida et al, who described two Japa- 
nese families and two individual pa- 
tients without a family history of LCD. 
In LCD type III, onset is later in life 
than for LCD type I, and the lattice 
lines are thicker than those seen in 
LCD type I and LCD type II. In LCD 
type III, the lines are ropy, traverse 
the cornea from limbus to limbus, and 
are easily seen with direct illumina- 
tion, while LCD type I lattice lines 
spare the periphery and are seen best 
with retroillumination. Lattice corneal 
dystrophy type I begins as dots in the 
corneal stroma or a disk-shaped haze in 
the central stroma. ™” The patterns of 
onset of LCD type II and LCD type 
HI have not been well characterized, 
although in one of our patients (family 
A, IIL-1), who had recurrences in his 
grafts, the disease began as thin super- 
ficial rods. In the proband of family B, 
the less involved eye had thick, ropy, 
central deposits. Further follow-up 
and examination of the younger family 
members may clarify the development 
of the disease. The patients with LCD 
type I and LCD type II and the pa- 
tients with LCD type HI described by 


Hida et al’? had no corneal erosions. 
Other nonlattice forms of amyloid de- 
position in the cornea include heredi- 
tary diseases, such as primary familial 
amyloidosis of the cornea," granular 
corneal dystrophy with accompanying 
amyloidosis,” and secondary amyloid- 
osis seen in patients with trachoma,” 
trichiasis,“ polymorphic amyloid de- 
generation of the cornea," and a 
“nonlattice” form of lattice dystro- 
phy.” 

Amyloid has been classified into at 
least nine types, depending on the 
subunit protein.” In addition to the 
nonspecific amyloid protein, AP, most 
studies"” have demonstrated amyloid 
A (AA) protein in LCD type I; AA 
protein is the type of protein seen in 
secondary amyloidosis and in familial 
Mediterranean fever. The one excep- 
tion is the study of Gorevie et al,” in 
which the authors did not find AA 
protein in LCD. Hida et al’ have dem- 
onstrated both AP and AA proteins in 
LCD type III; the source of the amy- 
loid proteins remains to be 
determined. 

Compared with LCD type I and 
LCD type H, LCD type IH shows 
larger amyloid deposits and a ribbon of 
amyloid between Bowman's layer and 
the stroma. The keratocytes in our 
patient appeared to be normal on ultra- 
structural examination, and no inflam- 
matory cells were noted. Our patient 
had findings typical of LCD type IT, 
and the histologic and ultrastructural 
corneal findings were identical to those 
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~ described by Hida et al.’ Special stains 
confirmed the presence of amyloid, and 
the ultrastructural examination con- 
firmed the presence of typical amyloid 
filaments in both the ‘globular intra- 
stromal accumulations and the band- 
like accumulations between the stroma 


and Bowman's layer: Thus, LCD type 


«TIT is now clearly recognized as a 
unique corneal amyloidosis that can be 


-separated on both a clinical and a 


“pathologic basis from LCD type I and 
LCD type II and nonlattice corneal 
amyloidosis. The riBbon of amyloid 
seen in LCD type III beneath Bow- 
man’s layer is distinct from that seen 
in primary familial amyloidosis of the 
cornea, ™™ as in the latter disease the 
amyloid filaments replace Bowman's 
layer. 

In contrast to the patients described 
by Hida et al,*° in the proband of 
family A, his older brother, and his 
father, as well as in the proband of 
family B, corneal erosions represented 
a substantial component of the disease. 
In these families, both sexes are affect- 
ed, and the mode of inheritance strong- 
ly suggests an autosomal dominant 
pattern rather than the autosomal re- 
cessive pattern described by Hida et 
al. However, because the parents of 
the proband of family A and his broth- 
ers were first cousins—the maternal 

zand paternal grandmothers being sis- 

--ters who apparently had the disease— 
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it is possible that the disease has an 
autosomal recessive pattern of inheri- 
tance. This possibility would require 
the highly unlikely presence of two 
unrelated carriers in the genealogy of 
family A—the paternal grandfather (1- 
4) and the wife of the older brother 
(IIT-1)—because the oldest daughter 
(IV-1) of this member of the family has 
the disease. The wife of family member 
ITI-1 is of Irish descent and, as far as 
we can ascertain, is totally unrelated 
te the family. The paternal grandfa- 
ther is from the same village in Sicily 
and presumably could be related. Fam- 
ily B also appears to have an autosomal 
dominant inheritance pattern, with in- 
volvement of the proband, a sister, the 
mother, and one of her brothers. If, as 
we propose, this is an autosomal domi- 
nant disease, in family A, 50% of the 
proband’s children and nieces, who are 
presently in their 20s and 30s, can be 
expected to develop the disease in 
addition to family member IV-1. Other 
brothers, sisters, children, nieces, and 
nephews of the proband in family B 
can be expected to develop the disease. 

These two families are, to our 
knowledge, the first white families 
with an LCD type II-like syndrome 
to be described. The clinical appear- 
ance and the histologic features closely 
resemble those of LCD type II.“ In 
contrast to the families described by 
Hida et al,“ none of which had more 
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than one affected generation, our fam- 
ilies had at least three and probably 
four affected generations. We propose, 
therefore, that these families be classi- 
fied as having LCD type IHA until 
additional families with this syndrome 
are described, as they have a dominant 
inheritance pattern and corneal ero- 
sions, features not reported in classic 
LCD type III.*° Both families de- 
scribed herein are from Caccamo, Sici- 
ly. Although as far back as the grand- 
parents we can ascertain no 
relationship between them, we believe 
it plausible that both families repre- 
sent one extended family and that the 
disease is the result of a mutation in a 
common ancestor. 

Since submission of this manuscript, 
the proband (III-9) of family B has 
undergone PK. Histologic and ultra- 
structural studies are identical to those 
described earlier, 
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- Ocular Manifestations of Nephropathic Cystinosis 


The French-Canadian Experience in a Genetically Homogeneous Population 


Martin Richler, MD; Jean Milot, MD; Michael Quigley, MD; Sean O’Regan, MB 


o A large spectrum of ocular patholog- 
ic features have been described in infan- 
tile cystinosis. Reported symptoms may 
require corneal transplantation and ther- 
apeutic efforts to solubilize cystine crys- 
tals with hourly administration of cyste- 
amine (mercaptamine) drops. French 
Canada has the highest incidence of cys- 
tinosis in the world. We studied 18 pa- 
tients with cystinosis who appeared to 
have much milder ocular involvement 
than that in other reported series. No 
operative interventions were required. 
Relatively mild photophobia was the 
most common ocular manifestation of 
cystinosis. 

(Arch Ophthalmol. 1991;109:359-362) 


C ystinosis is a rare autosomal reces- 
sive metabolic disorder character- 
ized by intracellular accumulation of 
nonprotein cystine crystals.’ Underly- 
itg the disorder is a defect in lysoso- 
mal cystine transport.” Cystine crys- 
tals accumulate in the kidneys and 
many other organs, including the eyes. 
Because of the rarity of the disease, 
knowledge of the spectrum of manifes- 
tations in cystinosis is derived from 
single case reports and small series of 
patients. 
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The prevalence of cystinosis in 
French Canada is the highest in the 
world, probably because of the small 
French-Canadian gene pool.’ Thus, the 
large number of patients available for 
study has allowed us to determine the 
spectrum of eye involvement in a rela- 
tively genetically homogeneous popu- 
lation. 

The disease can present in infantile, 
adolescent, and adult forms. The infan- 
tile form is characterized by Fanconi’s 
syndrome with growth retardation, 
rickets, and progressive renal failure 
leading to the need for renal transplan- 
tation by 10 to 13 years of age. Crystal 
deposits in the cornea and conjunctiva 
and peripheral retinopathy are the 
common eye manifestations.“ 

We describe herein the ophthalmic 
findings of 18 patients observed at Ste 
Justine Hospital, Montreal, Quebec, 
for infantile cystinosis. 


PATIENTS AND METHODS 


All surviving patients with cystinosis 
known to the nephrology clinic at Ste Jus- 
tine Hospital were examined at the eye 
clinic between November 1988 and June 
1989. Eye examinations included determi- 
nation of visual acuity, color vision with 
Ishihara plates when possible, and orthop- 
tic, slit-lamp, and fundus examinations. Se- 
verity of photophobia was recorded on a 
scale of 0 to 3+ (0 indicates nil; 1+, bright 
light; 2+, room light; and 3+, dim light). 
Crystal accumulation in peripheral anteri- 
or, peripheral posterior, central anterior, 
and central posterior regions of both cor- 
neas was graded separately on a scale of 0 
to 3+. Crystalline deposits on the iris and 
lens and in the conjunctiva and anterior 
chamber were also graded on a 0 to 3+ 


scale, as was punctate superficial keratop--~ 
athy. Iris structure was also examined for 
abnormalities. Central and peripheral fun- 
dus examinations were performed with in-.~ 
direct and direct ophthalmoscopy when pa- 
tient cooperation made this possible. Full- 
field scotopic and photopic electroretino- 
grams were performed on five patients. 


RESULTS 


Eighteen patients were examined at 
the ages of 1/2 to 24/4 years (mean 
age, 10‘/s years). Renal transplanta- 
tion had been performed on eight of 
the 18 patients. The mean age of the 
transplant recipients was 15%/ years, 
and the mean age at the time of renal 
transplantation was 8t% years. The- 
mean age of patients who had not yet... 
undergone renal transplantation was- 
6.8 years. Data on all patients are. 
displayed in the Table. i 

Visual acuity varied from 20/20 to 
20/40, with only one patient having 
bilateral acuities of 20/40. All 11 pa- 
tients capable of being tested for color 
vision with Ishihara plates had normal 
results. 

Corneal crystal deposition varied 
from 0 to 3+, erystals being found- 
predominantly in the peripheral and 
anterior parts of the cornea in younger 
patients and throughout the corneal 
stroma in older patients (Figure). No 
crystals were seen in the corneal epi- 
thelium. Conjunctival and iris crystal 
deposits were more marked in older 
patients as well. Corneal crystals pre- 
sented as myriad needlelike refractile 
stromal deposits. Conjunctival depos- 
its showed a more whitish, amorphous’. 
appearance. Iris structure was normal: 
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Age at Visual Acuity ishihara Corneal Deposits 
Kidney erence ett Color Superficial eect ne, 
Patient/Age, y Transplant, y oD os Vision Photophobia Keratopathy Anterior Posterior 

171% CSM” CSM* ne o 3 1+ o ~ 
214 20/40 20/30 ees 8 ie) i+ i+ 
3/4 20/30 20/30 Swi Le 1+ 1+ 1+ 
4/4% 20/30 20/30 Exa i+ ie] 1+ tE 
5/8% 20/25 20/30 EAE 2+ o 3+ 2+ 
6/812 20/20 20/20 ess o 8] 2+ 2+ 
7/8% 20/25 20/30 47147 tE es 2+ 2+ 
8/B% e 20/30 20/30 17/17 2+ 0 3+ 3+ 
9/9 as 20/20 20/20 16/17 1+ (e 2+ 2+ 
10/10 8% 20/25 20/25 whe at i+ 3+ 3+ 
14/11 9% 20/40 20/40 17417 0 o 2+ 2+ 
12/11% 8 20/25 20/25 17/47 i+ 1+ 3+ 3+ 
13/413 bet 20/25 20/25 17/17 2+ 1+ 3+ 3+ 
14/16 _8 20/25 20/25 17/17 i+ 1+ 3+ 3+ 
15/16% 7% 20/25 20/25 47/17 1+ 1+t 3+ 3+ 
16/17 9 20/20 20/20 16/17 2+ FE 3+ 3+ 
17719% Be 20/30 20/25 17/17 2+ 1+ 3+ 3+ 
18/24% er 20/20 20/20 17717 i+ o 3+ 3+ 


* CSM indicates central, steady, and maintained: ER, early retinopathy; AR, advanced retinopathy; N,normal; and R, reduced. 


{Band keratopathy. 


in all patients, and no marked iris 
posterior synechiae were seen. A su- 
perficial punctate keratopathy was 
seen in eight of 18 patients, including 
one who also displayed an early band 
keratopathy. 

Fundus examination showed 
changes in all patients. Younger pa- 
tients exhibited a subtle mottling of 
the retinal pigment epithelium, while 
older patients had pigment clumping 
and areas of depigmentation. 

Electroretinograms were done on 
five patients. One patient showed de- 
creased photopic and scotopic ampli- 
tudes, and the other four had normal 
electroretinograms. 


COMMENT 


It is well known that clinically recog- 
nized, corneal crystal deposition in 
cystinosis begins in the anterior pe- 
ripheral part of the cornea and pro- 
ceeds to involve more central and 
deeper corneal stroma.’ This has been 
confirmed by histopathologic study." 
This pattern of crystal deposition was 
also seen in our series, with younger 
patients showing selective corneal in- 
volvement peripherally and anteriorly, 
and older patients tending to show 
more full-thickness corneal involve- 
ment centrally and peripherally. Crys- 
tal deposition in the corneal epithelium 
has been reported by some’ but disput- 
ed elsewhere, including in histopatho- 
logic reports.’’’ No epithelial crystals 
were seen in any of the patients in this 
series. We also did not note any endo- 
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Refractile crystals noted throughout the deep corneal stroma. 


thelial crystals. These have been re- 
ported previously.” The complete 
lack of crystal deposition in the cor- 
neal epithelium, although disputed 
by some, as well as absence of endo- 
thelial crystals in our patients, empha- 
sizes the phenotypic difference be- 
tween French-Canadian patients and 
those described in reports from other 
groups.” 

The needlelike shape of corneal erys- 
tals that was noted, in contrast to the 


more amorphous appearance of con- 
junctival crystals, is also well known 
and has been confirmed in pathologic 
specimens.” Needle-shaped crystals 
have also been seen in pathologic speci- 
mens of sclera." The difference in 
shape between corneal and conjuneti- 
val erystals has been attributed to the 
tight packing of corneal lamellae. De- 
spite the absence of some ophthalmic 
features of cystinosis in our patients, 
they did exhibit other lesions. Typical 
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needle-shaped corneal crystals were 
noted, as well as the more amorphous 
appearance of conjunctival crystals. 
Our findings of superficial punctate 
keratopathy are consistent with an 
: earlier report.” The band keratopathy 
“seen in patient 15 is likely due to the 
: -renal failure and Fanconi’s syndrome 
| caused by the cystinosis. Band 
‘keratopathy has been reported previ- 
ously in cystinosis.** 

Findings of iris and anterior lens 
surface erystal deposits are consistent 
with previously reported series.* Al- 
though iris thickening has been noted 
in other series,”” as have posterior 
synechiae and even angle-closure glau- 
coma, we did not see any marked 
alteration in iris structure or posterior 
synechiae in any of these 18 patients. 
Marked crystal deposition in the iris 
and ciliary body has been reported in 
pathologic specimens.**" 

The reported ocular involvement as- 
-= Soeiated with cystinosis is of such se- 
verity that it has a major impact on the 
patients’ quality of life. Photophobia 
associated with corneal crystal deposi- 
tion, especially in climes associated 
with high glare, such as winter in 
Canada, may seriously impede outdoor 
activities in the absence of appropriate 
eyeglasses. 

In contrast with other reported 
cases,” photophobia was a much less 
incapacitating phenomenon in this se- 
ries, thus indicating” that some organ 
derangements associated with cystino- 
sig In our population are much milder. 
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None of our patients is severely dis- 
abled by photophobia. This is exemp- 
lified by the fact that our oldest pa- 
tient was a 24!/s-year-old woman who 
worked full-time as a radiology techni- 
cian. None of our patients required 
corneal transplantation. 

Visual function was markedly well 
preserved in this series of patients. 
One patient exhibited visual acuity of 
20/40 bilaterally, but all others had 
visual acuities of 20/30 or better. Al- 
though similar to results reported by 
Yamamato et al,” this is in slight con- 
trast to acuities described by Kaiser- 
Kupfer et al," who reported that three 
of 13 patients had visual acuities lower 
than 20/160. Color vision was intact in 
all of our patients who were capable of 
being tested. Tritan defects were un- 
covered by Farnsworth-Munsell 100- 
Hue testing in several patients in the 
series reported by Gahl and Kaiser- 
Kupfer." 

Our findings of retinal pigment epi- 
thelial mottling and peripheral depig- 
mentation are similar to those of previ- 
ous series. ™"? None of our patients, 
however, exhibited the degree of se- 
vere retinopathy that has been report- 
ed on occasion previously.’ 

Of the five patients in whom electro- 
retinograms were done, only one—a 
16'/2-year-old girl—exhibited electro- 
retinographic changes. These were de- 
creased amplitudes on photopic and 
scotopic testing. Marked flattening of 
electroretinograms in older patients 
with cystinosis has been reported in 


the past." The 13- and 24!/e-year-old 
patients so tested exhibited normal 
electroretinograms. 


It is widely believed that with the ` : 
prolongation of life span in patients. 


with cystinosis achieved through renal- 
transplantation, ocular symptoms have 
emerged among the older patients as 


an important source of morbidity). 
Disability due to photophobia and ble- 


pharospasm. caused. by corneal crystal 


deposits and/or punctate keratopathy 


is one of the major late complications 


of cystinosis." Iris thickening and re- 


sultant angle-closure glaucoma have 


also been reported as a result of anteri- 


or segment crystal deposition. *” De- 
creased corneal sensitivity has been 


reported.” This, combined with chron- 


ic punctate keratopathy, could -predis- 
pose to corneal ulceration. Decreased 
vision has been widely reported.“ 

Decreased spatial contrast. sensitiv- 
ity and increased glare disability have 
also been reported." It is not clear to 
what extent the alterations in visual 
function can be attributed to. anterior 
segment crystal deposition vs retinop- 
athy. Pigmentary retinopathy. is near- 
ly universal in patients with cystinosis, 
and abnormalities on electroretino- 
gram testing are common in the later 
stages of the disease. Some investiga- 
tors consider it to be responsible for 
the extreme degradation of visual- 
function.*” 

However, despite the dismal prog- 
nosis regarding ocular integrity pub- 
lished to date in the literature, the 
lesions we noted in our patients were 
mild and not incapacitating. This ex- 


emplifies the observed heterogeneity 


of disease manifestations in cystinosis. 
and indicates that in our relatively 
homogeneous population, ophthalmic: 
complications are not of major import 
in contrast to other end-organ damage, 
eg, renal. 
While the retinopathy associated 
with cystinosis is irreversible, treat- 
ment of the corneal complications is 
possible.” Penetrating keratoplasty 
has been performed successfully.” Re- 
current crystal deposition in the graft 
has been reported as early as 6 weeks” 
after keratoplasty, but this recurrence =: 
has been disputed.*” 
Cysteamine | (mereaptamine) . an 
agent capable of depleting cystine from 
body tissues, has been successfully 
used systemically to ameliorate the 
course of the disease and delay renal 
failure.’ Reversal of corneal crystal 
deposits with stromal clearing has: 
been reported through the use of hours 
ly topical cysteamine eyedrops.*:” We 
did not deem it necessary to use cyste- 


amine drops in our patients, since their = 
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eye lesions were so mild. Cysteamine 
is a malodorous, foul-tasting substance 
with a prolonged aftertaste, and diffi- 
culties with compliance are well recog- 
nized. We believed that the adverse 
effeets of cysteamine on life quality 
outweighed the minimal benefits that 
would accrue in our patients, who had 
extremely mild disease. 
In this large series of patients of 
French-Canadian origin, we were im- 
< pressed with the mildness of the eye 
lesions in contrast tg that reported in 
“aggregations of case reports published 
“=previously.* The course of disease evo- 
lution in these patients was relatively 
homogeneous in terms of major organ 
‘failure and other features. This may be 
due.to the small gene pool contributing 
to the high disease prevalence in this 
community. 
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Sre A randomized prospective clinical 

‘trial of argon laser scatter photocoagula- 
-Mion therapy for proliferative sickle cell 
“retinopathy was performed on 116 pa- 
tients (174 eyes) in Kingston, Jamaica. 
Ninety-nine eyes were treated with scat- 
ter. photocoagulation and 75 eyes served 
_ as controls: The average length of follow- 
Mp -was 42 months for the contro! eyes 
and 47 months for the treated eyes. Pro- 
_ longed loss of visual acuity was statisti- 
__ cally significantly reduced in the treated 
eyes. The incidence of vitreous hemor- 
Thage was also significantly reduced in 
-the treated eyes after controlling for the 
- previously defined risk factors of vitre- 
-ous hemorrhage and extent of prolifera- 

tive sickle cell retinopathy at entry into 
the study. There were no complications 
associated with argon laser scatter pho- 
tocoagulation. Scatter photocoagulation 
of proliferative sickle cell retinopathy is 
currently the most effective and safe 
way to treat patients with sea fan 
neovascularization. 

(Arch Ophthalmol. 1991 ;109:363-367) 
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atients with sickle-cell disease are 

susceptible to peripheral retinal 
neovascularization, vitreous hemor- 
rhage, and oceasionally rhegmatogen- 
ous, tractional, or exudative retinal 
detachments, which carry the threat of 
permanent visual loss.'* Since vitree- 
tomy and scleral buckling surgery in 
these patients are subject to complica- 
tions,’ emphasis has been placed on the 
early treatment of proliferative sickle 
cell retinopathy (PSR, also called sea 
fans) by photocoagulation with the xe- 
non are or argon laser. 

The techniques, results, and compli- 
cations of feeder vessel photocoagula- 
tion of PSR have been reported else- 
where.*” Both argon laser and xenon 
are feeder vessel photocoagulation re- 
duce the incidence of vitreous hemor- 
rhage and visual loss resulting from 
vitreous hemorrhage. However, both 
techniques are associated with an in- 
creased risk of iatrogenic choroidal 
neovascularization, and the use of the 
argon laser is also associated with an 
increased risk of retinal detach- 
ment.” In addition, feeder vessel 
photocoagulation is a difficult tech- 
nique to master and most retinal spe- 
cialists in the United States have little 
experience with this technique. 

In 1982 Rednam and associates” 
used localized argon laser scatter pho- 
tocoagulation in 21 eyes with PSR and 
showed complete or partial regression 
in 35 (77.8%) of 45 sea fans, with few 
complications. Cruess et al,” using 
scatter photocoagulation over the en- 
tire 360° peripheral zone of retinal 
ischemia, achieved complete or partial 
regression of sea fan neovasculariza- 
tion in 33 (83%) of 40 eyes. In a later 


A Randomized Clinical Trial of Scatter Photocoagulation 


report” describing an additional 30 
eyes with an average follow-up of 3.3 
years, the same researchers found that 
10 (33%) of the sea fans regressed 
completely and 14 (46%) regressed 
partially. New sea fans developed in 
only one treated eye (1.4%). 

We performed a randomized clinical 
trial to study the effects of argon laser 
scatter photocoagulation on eyes with 
PSR. 


PATIENTS AND METHODS 


All patients enrolled in the study had 
unilateral or bilateral peripheral PSR asso- 
ciated with homozygous sickle-cell (SS) dis- 
ease, sickle cell-hemoglobin (Hgb) C (SC) 
disease, or sickle cell-B* (SB*) thalassemia | 
disease. Patients were enrolled at the Sick- 
le Cell Center in Kingston, Jamaica, from 
February 1982 through January 1989. All 
patients (or the parent of a minor) gave 
informed consent after the purpose of the 
trial and the risks and complications of 
treatment or no treatment were explained 
to them. 

Eyes with cloudy media (eg, cataract, 
vitreous hemorrhage), previous photocoag- 
ulation, ocular surgery, or retinal detach- 
ment were excluded from the study, as- 
were patients with systemic diseases that 
could influence the retinopathy (eg, diabe- 
tes mellitus, hypertension), Also excluded. 
was one eye of a patient randomized to the 
control group but treated in error. 

Patients with bilateral disease had their 
right eye randomized to either scatter pho- 
tocoagulation or no treatment, with the. 
other eye receiving the opposite modality. © 
Patients with only one eye eligible for the 
study were randomized to treatment or 
control for that eye; to maximize the num- 


ber of treated eyes, we randomized three of 


every four eyes in unilateral cases to the 
treatment group. If a patients second eye 
later became eligible during the course of 


Scatter Photocoagulation—Farber etal _ 363 : 











Definition 








Visual acuity (best corrected on 
Snellen Chart) decreased by 3 
lines or more on 2 consecutive 
visits separated by more than 3 


mo 

New vitreous hemorrhage 

With event 1 

Without event 1 

New rhegmatogenous retinal de- 
tachment e 

With event 1 

Without event 1 

New tractional retinal detachment 

With event 1 

Without event 1 





the study, that eve received the opposite 
treatment modality from the first eye. 
There were 14 patients who originally en- 
tered the study with PSR in only one eye; 
when their second eve developed PSR, that 
eye was enrolled into the trial. One patient 
had autoinfarcted sea fans in the fellow eye, 
which was later randomized to treatment 
when new sea fans developed in that eye. 
Finally, three patients had vitreous hemor- 
rhage in their fellow eye at the time of 
enrollment, When the cloudy media cleared 
in those eyes, they were entered into the 
study. For the purposes of analysis all 
patients with both eves entered into the 
study at any time were considered to be 
bilateral cases. 

After entry into the study, all eves re- 
ceived a complete ocular examination, in- 
cluding direct and indirect ophthalmoscapy, 
retinal drawings, 360° color photographs, 
and fluorescein angiography. Routine fol- 
low-up was performed every 6 months or 
more often if medically indicated. The reti- 
nal drawings were updated and the photo- 
graphs and angiograms were repeated as 
necessary to document changes in the 
fundus. 

Photocoagulation was performed using 
the argon blue-green laser (Britt model 
3250) through a three-mirror lens. Scatter 
photocoagulation burns were placed around 
all sea fans, without treating the sea fan or 
its feeder vessels directly. Burns were 
spaced approximately one burn diameter 
apart, and usually placed from 1 dise diame- 
ter posterior to 1 dise diameter anterior to 
the sea fan and 1 clock hour to each of its 
sides. The burns had a spot size of 500 um 
in diameter and a duration of 0.1 second, 
with a graying (mild whitening) of the reti- 
na to the desired end point. Patients re- 
turned 1 week after treatment so that the 
adequacy of treatment could be determined: 
if the treatment was not sufficient, addi- 
tional laser burns were administered. 

Subsequent growth or reperfusion of neo- 
vascularization or newly developing neovas- 
cular lesions in the treated eyes were han- 
ded in a similar manner. Additional 
treatment was also given if skip areas were 
present and neovascularization remained 
perfused, Neovascularization in controls did 
not receive photocoagulation at any time 


364 = Arch Ophthalmol—Vol 109, March 1991 


No. (%) of 


Characteristics Total Cases 





No. (%) of 


No. (%) of Unilaterai 
Cases 
apeeeeereeeeeeeanaaaana eeann, 


Treated Control 





Age group, y 


<25 44 (37.9) 7 


27 (46.4) 


13 (31.7) 4 (23,5) 





28-34 40 (34.5) p 


19 (32.4) 


15 (36.6) 6 (35.3) 





36+ 32 (27.6) 


12 (20.7) _ 


13 (31.7) 7 (41.2) 





Total 


58 


41 17 





Sex 


Males 61 (52. 8) 





35 (60.3) 


20 (48.8) 6 (35.3) 





Females 55 (47.4) 


* Some totals do not equal 100% due to rounding. 


No. (%) of 
Bilateral Cases 
rr , 
Treated Control 


Circumferential 
Extent of PSR, 


Degrees 


23 (39.7) 


No. (%) of 
Unilateral Cases 
tt, 
Treated Control 





21 (2.2) 11 (64.7) 


No. (%) of 
Unilateral Cases 
TT, 
Treated Control 





1-30 56 (56.6) 39 (52.0) 


24 (41.2) 28 (48.3) 


32 (78.0) 11 (64.7) 





31-60 16 (16.2) 17 (22.7) 





14 (24.1) 13 (22.4) 


2 (4.9) 4 (23.5) 





61-90 15 (15.1) 6. 


10 (17.2) 3 (6.2) 


5 (12.1) 2411.7) 





5 (6.7) 
91+ 42 (12.1) 


10 (07.2) 14 (24.1) 


2 (4.9) o 





Totai 99 75 
*Some totals do not equal 100% due te rounding. 





58 58 


No. (%) of Patients b 


25-34 





41 17 


y Age, y 





25625) 
11 (27.5} 





Unilateral treated 


17 (56.7) 9 


35+ 


(39.1) «1 (54.8) 





9 (30.0) 10 


(43.5) 30 (32.3) 





4 (10.0) 
40 


Unilateral control 





413.3) 


417.4) 


12 (12.9) 





30 


23 


93 





/ Hab 


Bilateral _ _ 2.60.0) 


125) 3 


(33.3) 6 (28.6) 








Unilateral treated 2 (50.0) 


6 (75.0) 3 


(33.3) 11 (52.4) 





Unilateral control 


1 (12.5) 3 


(33.3) 4 (19.0) 





Total 





8 





=- Hgb SB" thala 
Bilateral 





1 (50.0) 





21 





150.0) 





Unilateral treated 


ie} 


i) 








Unilateral controi 





1 (50.0) 


1 (50.0) 





Total 


2 





2 


* Hgb SC indicates sickle cell-hemoglobin C disease; Hgb SS, homozygous sickle-cell disease; and Hgb SB* 


thalassemia, sickle cell-B* thalassemia disease. 


during the study. If vitrectomy or related 
retinal detachment surgery was required 
for either a treated or control eve, that eve 
was terminated from the study and consid- 
ered to have reached a clinical “end point.” 
Table 1 gives the criteria for the major 
events occurring in this study. 

Data were recorded on standard forms at 
each visit and monitored by one of us 
(M.D.F.). Statistical analyses were per- 
formed using the Mantel log-rank test,” the 


Kaplan-Meier product limit estimator for 
survival data,” the Cox proportional haz- 
ards function for survival data with covar- 
iates,” and the log-likelihood ratio test sta- 
tistic.” All data were analyzed with the 








SYSTAT™ and SURVIVA packaged 
software for personal computers. 


RESULTS 
One hundred sixteen patients (174 


m 


eyes; 99 treated, 75 control) were en- 
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rolled in this study. Of the 58 bilateral 
cases entered into the study, 17 
(29.3%) were initially entered with 


“only one eye eligible for randomization; Hemoglobin SC Hemoglobin SS 
the second eye was entered at a later Circumferential —— e 


date. Extent of PSR, No. (%) of No. (%) of No. (%) of No. (%) of 
Of the 58 pati ents with unilateral Degrees Treated Eyes Controi Eyes Treated Eyes Control Eyes 



































PSR, 28 (48.3%) had no PSR in the TP AASER cS 12 (70.5) 6 (60.0) 

second eye during the course of the S160 12 G48) 14 (22.2) 4 (23.5) 3 (30.0) 

study (with follow-up ranging from 6 to 61:29 TAA ane 1 (59) 3 

89 months), 20 (34.5%) had been treat- 14 (13.6) p 1 09.0) 
81 63 17 10 





ed previously in their other eye, and 10 
(17.2%) had other exclusion criteria for * Hemoglobin SC indicates sickle cell-hemoglobin C disease; and hemoglobin SS, homozygous sickle-cell 


à K ayo s disease. . 
their second eye, primarily autoinfarc- 


tion (nonperfusion) of PSR. 

All patients completed the study ex- 
cept for 11 patients who moved (after 
an average of 24 months; range, 11 to 
60 months) and one patient who died 
(after 15 months). The mean follow-up 
time was 47.4 months (range, 5 to 99 Event 


N i i Patient No. of Eyes pc pa el 
x » rps 4 fags AD 

months) fo I the t eated eyes and 42.4 No. PSR Entered Age, y Hemoglobin ControiEye Treated Eye 

months (range, 5 to 75 months) for the 


Bilateral 2 SS 1, 2A, 2B 
control eyes. z 


`; 3 Bilateral sc 1, 2B, 4B 
_ Complete regression of neovascular- SC 1, 4A. 4B 
ization was defined as no leakage on SC T 2A. 2B 
the fluorescein angiogram, and partial SC TDA. 2B 
regression was defined as a decrease in SC 2B 
the vascularity and fluorescein leakage SC 1. 3A. 3B 
from neovasctlarization. Complete clo- SC 2B 
sure of the initial PSR was document- SB thal 2B 
ed in 30.2% of the 99 treated eyes, and SC 2B 
partial regression was demonstrated in Ss 2B 
51%. New sea fans developed in 34 SC 7, 2A, 2B. 4B 
(84.3%) of the treated eves. Of the 75 Sc 2B 
control eyes, complete nonperfusion SB’ thal 2B 
¿developed (through autoinfarction) in SC 1. 2A. 2B 
22.4% and partial regression occurred Sc 1. 28, 4A. 4B 
in 23.7%. Thirty-one (41.3%) of the SG 
control eyes developed new sea fans SS 
during the course of follow-up. SC 

The demographic characteristics of 
the 116 patients are summarized in 
Table 2. Almost 38% of all patients 
were less than 25 years of age at the 
time of entry into the study, 34% were 
between 25 and 34 years, and 28% 
were 35 years of age or older. The 
patients with unilateral PSR were Sc 
slightly older than patients with bilat- * See Table 1 for explanation of events. PSR indicates proliferative sickle cell retinopathy, SS, homozygous 
eral PSR. Males made up 53% of the sickle-cell disease: SC, sickle cell-hemoglobin C disease: SB’ thal, sickle cell-8* thalassemia disease; ellipses, 
entire population. no event; and NA, not applicable. 

The extent of PSR of each eve at 
entry into the study is shown in Table 
3. Nearly 57% of the treated eyes and 
52% of the control eves had mild prolif- 
eration (<30°), and 27% of treated eyes 
and 25% of control eyes had PSR 
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greater than 60°. The unilateral cases No. (%) of Treated Eyes No. (%) of Control Eyes 
had slightly less severe PSR than the (n = 99) i (n = 75) 
bilateral cases. 3 (3.0) _ 9 (8.3) 

Of the 116 patients participating in 1 (1.0) 5 (6.7) 
the study, 93 (80.2%) had Hgb SC 1144.1) 14 (18.7) 
disease, 21 (18.1%) had Hgb SS dis- 10.3) 
ease, and two (1.7%) had SB’ thalasse- 11.3) 
mia disease. The distribution of cases i 2 (2.7) 





is shown in Table 4. There were 144 4 (5.3) 
eyes in patients with Hgb SC disease * Mantel log-rank test (Mantel and Haenszel"). NS indicates not significant. 
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Event 1 


as 





[ne] 


Cumulative Percent of Eyes Experiencing Visual Loss 








Fig 1.—Survival curves for event 1 (loss of visual acuity). Solid line 
indicates the treated eyes, and broken line, the control eyes. 


(81 treated, 63 control) and 27 eyes in 
patients with Hgb SS disease (17 treat- 
ed, 10 controls). The extent of circum- 
ferential PSR is seen in Table 5. The 
eyes with Hgb SS disease had less 
extensive PSR than those with Hgb 
SC disease. 

Table 6 lists 27 patients (29 eyes) 
who experienced one or more “sickle 
events” (Table 1) during follow-up, 
with a summary of those events shown 
in Table 7. The most striking finding 
was the effectiveness of scatter photo- 
coagulation in reducing the occurrence 
of visual acuity loss (event 1 as defined 
in Table 1). Only three (8%) of the 
treated eyes, compared with nine 
(8.8%) of the control eyes, experienced 
a loss of visual acuity. Kaplan-Meier 
survival analysis showed a statistically 
significant difference between the 
treated and control eyes (P=.019). 
Cox proportional hazard estimation, 
controlling for the covariates, vitreous 
hemorrhage, and amount of neovascu- 
larization at entry into the study,” did 
not change the level of significance 
“between the two rate curves (Fig 1). 
Prolonged loss of visual acuity due to 
vitreous hemorrhage (event 2A) was 
seen in one (1%) treated eye and five 
(6.7%) control eyes (Mantel log-rank 
test, P=.032). Other causes of visual 
“loss in treated eyes were tractional 
_retinal detachment (one eye, 1%) and 
“macular pucker and vitreous contrac- 
tion (one eye, 1%). In the control eyes, 

visual loss was caused by macular 
“pucker (two eyes, 2.7%), tractional 
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retinal detachment (one eye, 1.3%), 
and rhegmatogenous retinal detach- 
ment (one eye, 1.3%). One of the eyes 
with visual loss due to vitreous hemor- 
rhage developed the hemorrhage after 
trauma. 

The incidence of any vitreous hemor- 
rhage (event 2B) was also reduced, 
11.1% in the treated eyes compared 
with 18.7% in the control eyes (Mantel 
log-rank test, P=.111). Since the two 
curves (treated and control groups, 
Fig 2) were not parallel, we performed 
the log-likelihood ratio test, controlling 
for vitreous hemorrhage and the 
amount of neovaseularization at entry. 
This test indicated a significant differ- 
ence between the treated and control 
groups (x = 4.5, 1 df, P<.05). 


COMMENT 


Previously published uncontrolled 
studies of scatter laser photocoagula- 
tion of PSR have been encouraging.” 
However, our study is the first ran- 
domized clinical trial of scatter photo- 
coagulation of PSR. One hundred six- 
teen patients (99 treated eyes and 75 
control eyes) were enrolled and fol- 
lowed up for an average of 4 years 
(treated eyes) and 3.5 years (control 
eyes). 

In an earlier randomized clinical trial 
we demonstrated that feeder vessel 
photocoagulation is effective in reduc- 
ing the incidence of vitreous loss and 
hemorrhage.“ However, significant 
complications of argon laser therapy 
developed, including rhegmatogenous 





Event. 2B 


5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 


Follow-up, mo 


Fig 2. — Survival curves for event 2B (vitreous hemorrhage). Solid line 
indicates the treated eyes, and broken line, the control eyes. 


retinal detachments, suggesting that 
small, intense, localized burns may 
render the retina susceptible to dam- 
age by increasing vitreous traction. 

In this study we were able to docu- 
ment complete or partial regression of 
sea fans in 81.2% of the initially treat- 
ed sea fans, including complete closure 
in 30.2% of the eyes. In the control 
eyes, spontaneous regression of sea 
fan neovascularization was noted in 
46.0% of the eyes, including complete 
autoinfarction in 22.4%. We also noted 
that new sea fans developed in 34.4% 
of the treated eyes and 41.3% of the 
control eyes. Because of the high inci- 
dence of autoinfarction in untreated 
sea fans, it is vital to include controls 
in this type of study. 

Eighteen fellow eyes of patients al- 
ready in the study were subsequently 
entered and treated with the opposite 
modality as the first eye. The reason 
for entry of these second eyes was 
primarily due to the development of 
neovascularization (n=14, 77.8%) in 
these eyes. They entered the study 
from 11 to 77 months after the first 
eye, and 11 (78.6%) of the 14 eyes were 
randomized to the control group. In- 
clusion of these eyes decreased the 
difference that we found between the 
treated and control eyes by an insig- 
nificant percentage, and did not 
change the overall results of the study. 

When comparing the event rate in 
control eyes followed up in our previ- 
ous study of feeder vessel photocoagu- 
lation in this same population, we not- 
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ed that the crude incidence of visual 
loss (event 1) was 4% during an aver- 
age of 32 months (1.5% per person- 
“year) compared with 8.3% during an 
average of 42 months (2.4% per per- 
: son-year) inthis study. The rate for 
- vitreous hemorrhage (event 2B) was 
similar in the two studies, 14% (6.2% 
per person-year) in our earlier study 
-vs 18.7% (5.3% per person-year) in the 
“present study. 
As shown in our previous article,” 
< patients with a greater amount of cir- 
cumferential neovascularization (>60°) 
“at entry were at greater risk of devel- 
oping vitreous hemorrhage. In this 
study, six (54%) of the 11 treated eyes 
“and nine (64.3%) of the 14 control eyes 
that developed vitreous hemorrhage 
during the course of the study had 
«greater than 60° of PSR at entry (com- 
pared with 27.2% of all treated eyes 
and 25.3% of all control eyes). In addi- 
tion, all three of the treated eyes and 
seven (77.8%) of the nine control eyes 
that developed visual loss had greater 
than 60° of PSR at entry. 
At present, scatter photocoagulation 
of PSR is the most practical way to 


1. Nagpal KC, Goldberg MF, Rabb MF. Ocular 
manifestations of sickle hemoglobinopathies. Surv 
Ophthalmol. 1977;21:391-411. 

2. Condon PI, Serjeant GR. The progression of 
sickle cell eye disease in Jamaica. Doe Ophthalmol. 
1975;39:203-210. 

3. Goldberg MF. Natural history of untreated 
proliferative sickle retinopathy. Arch Ophthalmol. 
1971;85:428-437. 

4. Cohen SF, Fletcher ME, Goldberg MF, Jed- 

-nock, NJ. Diagnosis and management of ocular 
complications of sickle hemoglobinopathies: parts 
I-V. Ophthalmic Surg. 1986;17:57-59, 110-116, 184- 
188, 312-815, 369-374. 

5. Jampol LM, Green JL Jr, Goldberg MF, Pey- 
man GA. An update on vitrectomy surgery and 
retinal detachment repair in sickle cell disease. 
Arch Ophthalmol, 1982;100:591-593, 

6. Condon PI, Serjeant GR. Photocoagulation 
and diathermy in the treatment of proliferative 
sickle retinopathy. Br J Ophthalmol. 1974;58:650- 
662 


7. Goldberg MF. Treatment of proliferative 
sickle retinopathy. Trans Am Acad Ophthalmol 
Otolaryngol. 1971;75:532-556. 

&. Jampol LM. New techniques in treating pro- 
liferative sickle cell retinopathy. In: Fine SL, Ow- 
ens SL, eds. Management of Retinal Vascular and 

_Macular Disorders. Baltimore, Md: Williams & 


2 Arch Ophthalmoi—Vol 109, March 1991 





treat patients with sea fans. It is more 
easily performed than feeder vessel 
coagulation, is effective in most cases, 
and is safe. Our technique involved 
only local scatter treatment around the 
PSR and did not involve 360° treat- 
ment. Whether the more extensive 
technique would be preferable was not 
addressed in this study. Local scatter 
photocoagulation did not prevent new 
sea fans from developing (84.3% of 
treated eyes developed new sea fans 
compared with 41.3% of the control 
eyes) and it seems likely that 360° 
scatter treatment would be more effec- 
tive in this regard.” 

Our study demonstrated that scatter 
photocoagulation therapy reduces the 
incidence of visual loss and vitreous 
hemorrhage in patients with PSR. In 
addition, it may impede the develop- 
ment of retinal detachments in these 
patients; however, our study did not 
prove this because of the small number 
of events in the two categories of de- 
tachment. In cases in which scatter 
photocoagulation does not cause suffi- 
cient regression of the PSR, feeder 
vessel photocoagulation can be added 
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Association of HLA Antigens With Vogt-Koyanagi-Harada 
Syndrome in a Han Chinese Population 


Ming Zhao, MD; Yongin Jiang, MD; I. Willard Abrahams, MD 


e Vogt-Koyanagi-Harada syndrome, or 
the uveomeningitis syndrome, is one of 
the most commonly identified types of 
endogenous uveitis diagnosed in China. 
Because its incidence is higher in Orien- 
tals than in whites, immunogenetic 
backround may be an important factor in 
its incidence. We performed HLA-A, -B, 
and -DR typing on 25 patients with Vogt- 
Koyanagi-Harada syndrome and on 65 
“healthy control subjects from the Han 
Chinese population. The results showed 
that HLA-DR4 and -Dw53 were closely 
associated with Vogt-Koyanagi-Harada 
syndrome (P<.001 {relative risk = 16.0] 
vand P<.001 [relative risk = 34.2], respec- 
tively). This association is similar to that 
- reported in patients with Vogt-Koyanag}- 

“Harada syndrome. in Japan, suggesting 
‘that DR4 and DRw53. may play important 
roles in the development. of Vogt-Koyan- 
agi-Harada syndrome in Oriental popu: 
lations. 

(Arch Ophthalmol. 1991;109:368-370) 


V ogt-Koyanagi-Harada (VKH) syn- 

drome, or uveomeningitis syn- 
drome, is a common bilateral panuvei- 
tis in China.” Since the incidence of 
“the syndrome is much higher in Orien- 
tals than in whites, the immunogenetic 
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backgrounds of different races may 
account for differences in prevalence. 
Although previous reports indicated 
that some HLA loci were associated 
with this syndrome in Japanese popu- 
lations,” this association has not been 
reported in Chinese populations. To 
determine whether such associations 
exist among Chinese patients with this 
syndrome, we typed HLA-A, -B, and 
-DR antigens in a group of patients 
with VKH syndrome and in an age- 
and sex-matched group of normal con- 
trol subjects. 


PATIENTS AND METHODS 
Patients 


Twenty-five patients were diagnosed 
with VKH syndrome by physicians of the 
Uveitis Service of The Second Affiliated 
Hospital of Hunan (China) Medical Univer- 
sity, according to the diagnostic criteria 
suggested by the American Uveitis Society 
and by Sugiura’ and Snyder and Tessler,” 
To be included in the VKH study group, 
patients had. to have panuveitis and no 
history of ocular trauma or surgery. Panu- 
veitis had to be present in both eyes, occur- 
ring simultaneously or occurring in the sec- 
ond eye shortly after .affliction of the first. 
The panuveitis was characterized by anteri- 
or uveitis with fine or mutton-fat keratitic 
precipitates, flare, and cells in the anterior 
chamber and posterior synechiae, and by a 
posterior component. The posterior in- 
volvement included papillitis, localized reti- 
nal edema and exudate, and/or serous reti- 
nal detachments. The late stage of the 
syndrome showed the typical “sunset glow” 
fundus. The associated neurologic manifes- 
tations included spinal fluid pleocytosis, 
vertigo, dysacousia, neck stiffness, scalp 
hypersensitivity, and other central nervous 
system manifestations. Skin involvement 
included alopecia, poliosis, and vitiligo. Pa- 


tients had to have manifestations of at least 
one type of neurologic involvement and one 
type of skin involvement, as well as the 
aforementioned panuveitis and absence of 
ocular trauma or surgery, to be included in 
the group with VKH syndrome. 

Fifteen males and 10 females, aged 16 to 
57 years, were included in the patient 
group. Sixty-five healthy individuals (39 
males and 26 females) aged 16 to 58 years 
constituted the normal control group. The 
two groups were age- and sex-matched. All 
subjects were Han Chinese residing in Hu- 
nan Province, China, and were unrelated. 


HLA Antisera 


One hundred thirty-eight HLA antisera 
(obtained from the Research Laboratory of 
Immunology of Hunan [China] Medical Uni- 
versity, and the HLA Serum Bank of the 
Shanghai [China] Blood Transfusion Cen- 
ter), including 11 HLA-A. alleles, 23 HLA-B 
alleles, and 12 HLA-DR. alleles, were used 
in the study. The specificities of the HLA 
antisera are presented in Table 1. 


HLA Typing Methods 


HLA typing for A, B, and DR loci was 
performed at the Research Laboratory of 
Immunology: of Hunan Medical University 
using the standard National Institutes of 
Health microlymphocytotoxie technique.” 
Mixed serum from more than 100 rabbits 
was used as complement after no natural 
cytotoxicity was shown. The results were 
statistically analyzed by Fishers Exact 
Test, and the relative risk (RR) was 
calculated. 


RESULTS 
HLA-A and -B Antigens 


The results of examination of HLA- 
A and -B antigens detected in the 
study are shown in Table 2. No signifi- 
cant association was found between 
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Antigen 

Group Antigens 

HLA-A At, A2, A3; AQ, A10, 
A11, A28, A29, A30, 
A31, Aw33 

BS, B7, B8, B12, B13, 
B15, B16, B17, B18, 
Bw22, B27, B35, B38, 
B39, B40, Bw46, 
Bw60, Bw61, Bw62, 
Bw67, Bw75, SH6, 
CSH2 

DR1, DR2, DR3, DR4, 
DR5,. DRw6, DR7, 
DRw8, DRY, DRw10, 
DRw52, DRwW53 





HLA-B 
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With NC 
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(N = 25) 


Patients 
(N = 65) 
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determined using Fisher’s Exact Test. 
tCorrected P<.001. 
Corrected P<.05. 






a NEENA ce Relative 
Antigen No. Frequency No. Frequency Risk P 
DR1 o SEa 2 -0308 
DR2 7 .2800 19 .2923 
DR3 0 ies 5 .0769 re 
DR4 20 .8000 13 -2000 16.0 .0000002+ 
DR5 9 -3600 19 -2923 LE g NS 
_ DRw6 o wh o wes ws NS 
DR? 2 .8000 2 .0308 aes NS 
DRw8s o ET 14 .2154 PEA -007$ 
DR 5 2000 27 4154 0.3 0454 
DRw10 0 exe, $ een 1] vite 
DRw52 10 .4006 33 5077 Seng 
DRw53 25 1.0000 39 .6000 34.2 


* VKH indicates Vogt-Koyanagi-Harada disease: NC, normal controis; and NS, not significant. P values were. 


Coexistent DR4 









e—a and DRw53, 

Antigen No. Frequency No. Frequency Study Group No. of cases (%) Risk Rate P 
o fed 2 .0308 Patients with VKH disease (N= 25) 20 (80.0) DNA DNA 
es ai -6308 NC patients (N=65) 10 (15.4) 22.0 .00000001 


1 .0154 
19 -2923 
Q bik 
38 5846 


~~ 


.0769 
-1385 
.1538 
-1385 
-1231 
. 1538 
.0923 
-0769 
-4000 
4462 
.0154 
0462 
.0164 


* Antigens not expressed in both groups are not in- 
cluded: in: the table. Results of Fisher's Exact Test 
showed. no- significant association between Vogt- 
Koyanagi-Harada (VKH) disease and HEA-A-or HLA- 
Boci NG indicates normal control patients. 
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HLA-A and -B loci and VKH syn- 
drome. 
HLA-DR Antigens 


We found that the frequency of 
HLA-DR was higher in patients with 
VKH syndrome (20 [80%] of 25 pa- 
tients) than in healthy subjects 
(13 [20%] of 65 patients; RR =16.0; 
P<.001) (Table 3). The results also 
showed that all 25 patients with 
VKH disease tested positive for 
HLA-DRw53. The frequency of HLA- 
DRw53 in the VKH patient group was 
much higher than that in the normal 
control group, in which 39 (60%) of 65 
patients tested positive for this anti- 
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* Pvalues were determined using Fisher's Exact Test. VKH indicates Vogt-Koyanagi-Harada disease: and NC, 
normal contro! patients. DNA indicates data not available. 


gen (RR=34.2, P<.001). Interesting- 
ly, each of the 20 patients with VKH 
syndrome who tested positive for DR4 
was also positive for DRw53. Only 10 
subjects (15%) in the normal control 
group tested positive for both DR4 and 
DRw53 (Table 4). 


COMMENT 


The cause of VKH syndrome is still 
obscure, although many studies sug- 
gest that autoimmune mechanisms 
probably have a role in the patho- 
genesis of this syndrome." The 
major human histocompatibility com- 
plex, also called the HLA system, is 
considered important in regulation of 
the immune recognition system and 
immune responses to both foreign and 
native antigens. The associations of 
the HLA system with a variety of 
immune diseases, particularly autoim- 
mune diseases, are becoming clearer. 
In our study of 25 Han Chinese pa- 
tients with VKH syndrome, HLA- 
DR4 and -DRw53 (MT3) were closely 
associated with the syndrome. This is 
consistent with those HLA types re- 
ported in Japanese patients with VKH 
syndrome,” suggesting that HLA- 
DR4 and -DRw53 play important roles 
in susceptibility to the syndrome. 

The incidence of HLA-DR4 varies 
among races. Many reports indicate 
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that DR4 is more frequently seen in 
Orientals than in whites. “™ The simi 
lar immunogenetic backgrounds © of 
Han Chinese and Japanese populations: 
may account for their high susceptibil- 
ity to VKH syndrome. a 

Human leukocyte antigen DRw53 is 
associated with DR4, DR7, and DR9.” 
All 25 patients with VKH in our study- 
tested positive for DRw53, and 20. of: 
these patients also tested positive for 
DR4. The relationship between these 
two antigens and the development of = 
the syndrome is an interesting prob- 
lem and requires further clarification. 
Our study did not show any significant: 
association between HLA-A and -B 
antigens and VKH syndrome. Previ 
ous studies in Japan revealed that- 
HLA-Bw54 (Bw22i) was associated 
with VKH syndrome in Japanese pa- 
tients." Unfortunately, this split. of 
Bw22 was not included in our typing; 
although the linkage disequilibrium. o 
Bw54 and DR4 was present in Japa 
nese patients with the syndrome. : 

The mechanisms of HLA types and- 
syndrome associations are complex 
and many hypotheses have been pr 
posed to explain these associations 
No evidence has shown that the HLA 
antigen is the cause of the syndro 
but evidence does indicate that a s 
cific genotype yields a susceptil 






















. a syndrome, possibly. through altered 

“immune response mechanisms. Not all 
‘patients with a specific HLA genotype 
will manifest the VKH syndrome. The 
HLA genotype may yield a specific 
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alteration in the immune response sys- 
tem, but exposure to another external 
factor may be required to initiate the 
disease process, The results of this 
study showed common HLA geno- 
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Ocular Injuries Caused by Elastic Cords 








Carter J. Nichols, MD; H. Culver Boldt, MD; William F. Mieler, MD; Dennis P. Han, MD; Karl Olsen, MD 


=c @ Five. patients with ocular trauma 
-due to elastic cords with attached metal 
--or- plastic hooks were evaluated over a 
13-month period. Injuries included hy- 
phema, angle recession, lens subluxa- 
tion, choroidal rupture, vitreous hemor- 
rhage, retinal detachment, and scleral 
rupture. Two patients suffered penetrat- 
ing ocular injuries, and three patients 
had final visual acuities of 20/200 or less. 
This series emphasizes the potential se- 
verity of ocular injury due to these com- 
monly used devices and reiterates a 
modification in design that might de- 
crease the likelihood of accidental trau- 
ma from elastic cords. 

(Arch Ophthalmol. 1991;109:371-372) 


(cular trauma is a major cause of 
disability in the United States, re- 
sulting in 40 000 cases of visual impair- 
ment and an estimated 2.4 million inju- 
ries yearly.’ Traumatic injuries are the 
second most common cause of visual 
impairment (after cataracts). The vic- 
tims of ocular trauma are typically 
young males. Although occupational 
injuries are the most common, trauma 
during domestic and leisure activities 
accounts for 18.3% to 38% of ocular 
trauma.” Recently, we treated five 
patients. who sustained ocular injuries 
from elastic cords with attached metal 
or plastic hooks (Figure). This report 
-emphasizes the potential severity of 
elastic cord injuries and suggests pos- 
sible ways to prevent such injuries. 


MATERIALS AND METHODS 


We retrospectively reviewed the files of 
the Eye Institute, Medical College of Wis- 
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consin, Milwaukee, and the Bascom Palmer 
Eye Institute, University of Miami (Fla) 
from May 1989 to June 1990, for ocular 
trauma due to elastic cord injuries. The 
following details were recorded from each 
case: age, sex, initial visual acuity, circum- 
stances of the injury, extent of ocular inju- 
ry, presence or absence of protective 
eyewear or glasses, treatment/surgery, fi- 
nal visual acuity, and final anatomic status. 


RESULTS 


During this 13-month period, four 
patients with elastic cord injuries were 
evaluated at the Eye Institute and one 
was evaluated at the Bascom Palmer 
Eye Institute. Clinical findings are 
summarized in the Table. All five pa- 
tients were male, with a mean age of 
38 years (range, 7 to 60 years). Initial 
visual acuity ranged from 20/50 to 
counting fingers in the three nonpene- 
trating cases, and was light perception 
in the two penetrating cases. Four of 
the injuries (patients 2 through 5) oc- 
curred while the patients secured ob- 
jects to the roof of an automobile and 
the cord slipped, while in one case 
(patient 4) the metal hook straight- 
ened, releasing the cord. Case 1 in- 
volved a boy playing with the cord 
with one end tied to a tree. None of the 
patients wore protective eyewear at 
the time of injury, although one pa- 
tient was wearing prescription glasses 
(patient 5). 

The nonpenetrating cases represent- 
ed a wide range of anterior and poste- 
rior segment injuries. Case 1 was a 
simple hyphema with superonasal an- 
gle recession and no angle-recession 
glaucoma. Case 2 consisted of hy- 
phema associated with a superior irido- 
dialysis, superior lens subluxation, and 
transient increased intraocular pres- 
sure. Funduscopy revealed peripapil- 
lary subretinal hemorrhage with a sus- 
pected choroidal rupture between the 
dise and macula. As the hyphema re- 
solved, a small amount of vitreous 


hemorrhage was seen in the inferior 


periphery associated with an avulsed 


vitreous base and a flat, pigmented 


retinal dialysis. Good vision was main- ==. 


tained throughout. Patient 3 presented 
with decreased visual acuity (counting 
fingers) due to subfoveal hemorrhage 
associated with a choroidal rupture. 


The penetrating cases resulted in 
much more severe visual loss. Patient. _ 
4 presented with an eight-ball hy- 


phema and a large scleral rupture. 


Echography revealed extensive vitre- / 
ous hemorrhage and total hemorrhagic | 
retinal detachment. After primary re- 


pair of the scleral rupture, pars plana: 


vitrectomy, lensectomy, scleral: buek- Se 


ling, and air-fluid exchange were per- 
formed. The retina was reattached; 
although an inferotemporal choroidal 
rupture was noted during surgery. On 
final follow-up examination 14 months 
later, the visual acuity was 20/200, and - 
the retina remained attached. 

Patient 5 presented with an eight- 
ball hyphema that was treated with 
systemic aminocaproic acid and re-~ 
ferred to the Eye Institute 10 days 
later for evaluation of a suspected oc- 
cult scleral rupture. Examination re- 
vealed vitreous hemorrhage without 
retinal detachment. When the globe 


was explored, an 18-mm scleral rup- S 


ture was repaired. The patient re- 


turned approximately 5 months later a 


and was found to have a total retinal 
detachment with D-3 proliferative: 
vitreoretinopathy. He underwent: pars 
plana vitrectomy with lensectomy, 
scleral buckling, 
change. The retina remained attached 


for 2.5 months but redetached second= o 
proliferative 
vitreoretinopathy. No further repair 


ary to recurrent 


was undertaken. 
COMMENT 


Elastic cords with attached metal or _ 
plastic hocks are commonly. used for 
securing luggage, lumber, bicycles, 
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and fluid-air ex- 






































Elastic cord with hooks. 





Variables 


Nonpenetrating Cases 





Penetrating Cases 











Age, y/Sex 7iM 


46/M 





44/M 

























































































Eye oD oD oD os os 
Initial visual acuity 20/60 20/50 CF at4ft LP LP 
Final visual acuity 20/15 20/20 20/200 20/200 HM at 5 ft 
injuries 
Anterior segment 
Hyphema + + + + 
Angle recession + oes 
fridodialysis pace + Cox 
Lens. subluxation wed + + 
Posterior segment 
Choroidal rupture + + + 
Vitreous hemorrhage + + + 
Avulsed vitreous base + PA nad 
Retinal detachment or dialysis + + + 
Scleral rupture + + 
Surgery performed PPV, PPL, MS, PPV, PPL, MS, 
A-Fex, SBP, A-Fex, SBP, 
chemotherapy endophoto- 
coagulation 
Final anatomic status Attached Recurrent 


* CF indicates counting fingers; LP, light perception; HM, hand motions; pius sign, presence: PPV, pars plana 











detachment 


vitrectomy; PPL, pars plana lensectomy; MS, membrane stripping; A-Fex, air-fiuid change: and SBP, scleral 


buckling procedure. 


and other objects to car roofs, as 
well as many other purposes. When 
stretched, they are capable of trans- 
mitting sufficient force to cause severe 
ocular trauma. These injuries usually 
occur when the hook that was attached 
first slips while the cord is being tight- 
ened to attach the second hook. Anoth- 
er- possible method of injury is illus- 
trated in case 4, in which the metal 
‘hook straightened while the cord was 
being stretched, allowing the hook and 
cord to recoil. The mechanism of injury 
appears to be a combined blunt and 
-high-velocity missile injury. 

== To our knowledge, four previous 
-reports have appeared in the world 
literature regarding elastic cord ocu- 
lar injuries.” We find no reports 
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in the ophthalmic literature or the 
American literature. Previously de- 
scribed injuries include ccrneal perfo- 
ration, hyphema, iris sphincter rup- 
ture, angle recession, iridodialysis, 
cataract, lens subluxaticn, vitreous 
hemorrhage, commotio retinae, retinal 
tear, retinal detachment, and traumat- 
ic optie neuropathy. Visual acuities 
have generally recovered to functional 
levels (20/20 to 20/200).7 

In our series, the most common find- 
ings were hyphema, vitreous hemor- 
rhage, and choroidal rupture (each 
seen in three of the five patients). 
Three patients had final visual acuities 
of 20/200 or worse. This emphasizes 
the potentially devastating nature of 
elastic cord injuries. It is clear that 





prescription eyeglasses are not ade- 
quate protection.’ 

In a national surveillance of product- 
related injuries in 65 emergency de- 
partments around the country, five 
cases of ocular trauma associated with 
elastic cords were reported in the first 
half of 1990. Facial and hand lacer- 
ations, as well as asphyxiation, have 
also been reported.’ The dangers of 
elastic cords appears to extend far 
beyond the eye. 

Gray et al® suggested changing the 
design of the hooks on elastie cords to 
reduce the chance of accidental re- 
lease. One hook could be replaced with 
a spring-loaded gate clip, similar to 
those on a dog leash. This clip could be 
fastened first, and would be less likely 
to release. Alternatively, nonelastic 
straps can be substituted for elastic 
cords,* but such straps are often diffi- 
cult to secure tightly. 

We suspect that elastic cord injuries 
are even more common than reported 
here, since less serious trauma might 
not be seen at a tertiary referral cen- 
ter. As the popularity of bicycling, 
skiing, wind surfing, and other leisure 
activities increases, the use of elastic 
cords to secure objects to vehicles will 
most likely continue to increase. Al- 
though most injuries occur while se- 
curing objects to automobiles, injuries 
have also occurred while the elastic 
cords were being misused as playful 
devices. Awareness that elastic cords 
may cause ocular and systemic trauma 
may lead to a decrease in the misuse of 
these devices. To avoid a commensu- 
rate increase in ocular and systemic 
trauma from use or misuse of elastic 
cords, we also concur with Gray et al’ 
that modifying the design of one of the 
hooks attached to the cord may de- 
crease the likelihood of injury. 
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Pupillary and Electroretinographic Abnormalities in a Family : 
With Neuronal Intranuclear Hyaline Inclusion Disease ] 


Everton L. Arrindell, MD; Jonathan D. Trobe, MD; Paul A. Sieving, MD, PhD; Jeffrey L. Barnett, MD 


è Abnormal pupillary function and 
a severely depressed electroretinogram 
were found in four members of a family 
with neuronal intranuclear hyaline inclu- 
sion disease, an idiopathic degenerative 
disorder that involves the central and 
peripheral nervous systems. Symptoms 
were limited to the gastrointestinal sys- 
tem and consisted principally of abdomi- 
nal pain, constipation, and severe weight 
loss. The discovery of light-fixed pupils 
in the propositus led to the first antemor- 
tem diagnosis by rectal biopsy in two 
-generations of this family. Abnormalities 
of gastrointestinal motility and pupillary 
reactions constituted the only objective 
evidence of autonomic dysfunction; the 
abnormal electroretinogram was the only 
evidence of central nervous system 
dysfunction. 

(Arch Ophthalmol. 1991 ;109:373-378) 


euronal intranuclear hyaline inclu- 

sion disease (NIHID) is a rare 
multisystem neurodegenerative disor- 
der characterized histopathologically 
by diffuse neuronal loss and the pres- 
ence of characteristic eosinophilic in- 
tranuclear inclusions in neurons of the 
central and peripheral nervous sys- 
tems. Seventeen cases have been re- 
ported,” with all but one diagnosed 
post mortem. In 1968, Lindenberg et 
al’ reported the first case that oceurred 
in a 28-year-old mentally retarded man 
with childhood-onset progressive spas- 
ticity and ataxia. Subsequent cases 
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have had combinations of spasticity, 
ataxia, choreoathetosis, dementia, sen- 
sory loss, and lower motor neuron 
weakness. *” 

In 1978, Schuffler et al’ described 
two patients with childhood-onset 
chronic idiopathic intestinal pseudo-ob- 
struction (CIIP), a disorder of gastro- 
intestinal motility, in whom dementia, 
ataxia, and areflexia developed in 
adulthood. Their postmortem examina- 
tion revealed intranuclear inclusions 
identical to those of NIHID in the 
autonomic plexuses of the gastrointes- 
tinal tract, as well as in the central 
nervous system and peripheral somatic 
nerves. Evidently, NIHID may pre- 
sent either as CIIP or as a central 
nervous system disorder.” 

A variety of ocular abnormalities 
have been deseribed in NIHID, in- 
cluding pupillary areflexia, oculogy- 
ric crises, nystagmus, blepharospasm, 
and ptosis." However, ophthalmolog- 
ie evaluations have been incomplete, 
and measurements of retinal function 
have not been performed. We report 
the ophthalmologic findings in four pa- 
tients with NIHID in the first family 
whose conditions were diagnosed ante 
mortem. 


SUBJECTS AND METHODS 


We examined six members of a family in 
which the conditions of four members in 
two generations were diagnosed as NIHID 
by rectal biopsy (Fig 1) The paternal 
grandparents of the propositus were first 
cousins. In the six family members, we 
recorded the best corrected visual acuities, 
pupillary reflexes, ocular motility, and bio- 
microscopic and ophthalmoscopie findings. 
Two siblings (III-1 and IT1-5) had abnormal 
pupillary reflexes and underwent pupillary 
pharmacologic examination on separate oc- 
casions. All six family members also had 
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four additional studies: peripheral visual 


fields, dark-adaptation thresholds, eleetro- ue 


retinography (ERG), and color vision tests, 

Peripheral visual fields (I-4-e and V-4-e.- 
white targets) were recorded on the Gold-. 
mann perimeter. : 


Psychophysical dark-adapted thresholds 4 


were measured on a Goldmann-Weekers 
dark adaptometer (Haag-Streit AG, Bern, 
Switzerland) with 0.8-second test flashes 


from a 5.7° target. Patients underwent dark 


adaptation for 1 hour before measurements, 
and final thresholds were evaluated for each 
eye tested separately at fixation and in the 
four quadrants at 20° from central fixation. 
Results are reported as elevation (log units) 
above the normal red final threshold. 

The ERG was recorded with Burian- 
Allen bipolar corneal electrodes (Hansen 
Ophthalmic Instruments, Iowa City, Iowa), 
with topical anesthesia (0.5% proparacaine 
hydrochloride) after full pupillary dilation 
(10% phenylephrine hydrochloride [Neo- 
Synephrine] and 1% tropicamide [Mydria- 
cyl]). The light was a 10-microsecond xenon 
flash (PS-22 stimulator, Grass Instrument, ` 
Quincy, Mass) presented in a Ganzfeld (full- 
field) bowl. Light intensities were mea- 
sured with a photometer (40-x Opto-Me- 
ter, UDT, Santa Monica, Calif}. The ERG 
responses were amplified at 0.1 to 1000 Hz 
(3 dB) and digitized for computer storage 
and display. ; 

The ERG responses were recorded after 


1 hour of dark adaptation. An intensity = 


series of dark-adapted rod-predominant 


ERG responses was recorded first with the - 


use of a flash intensity of 0.42 candela-s/m} > 
that was further filtered by filters (Wratten = 
47 +47A +47B) to yield dim blue flashes at 


2-second intervals. Next, responses were. 


recorded with dark adaptation to single- 
flash, white stimuli (4.2 ed-s/m} per flash) 


that gave responses that were roughly 75% 7 
from the rod and 25% from the cone system.) 
Next, repetitive stimuli at 30 Hz (white. 


stimuli, 4.2 ed-s/m} per flash) were used 'to 
elicit primarily cone responses. Subjects: 


then underwent light adaptation at 38 ed/m} 


for 5 minutes in the Ganzfeld-bowl; and 














. 
Deceased First Cousins 





Peon Results Positive 





E Results Negative 





Examined Patients 






Fig 1.—Pedigree of family with neuronal in- 
tranuclear hyaline inclusion disease (NIHID) 
proved by biopsy in four members of two 
< generations. 





single-flash white stimuli (10.0 cd-s/m} per 
flash) were used to elicit cone-predominant 
responses. 

Population normai values were deter- 
mined from 40 normal subjects aged be- 
_tween 5 and 60 years. Linear regressions 
were compiled for response amplitudes vs 
ages and generally followed the data of 
Weleber.” 

Color discrimination was tested for each 
eye separately with the Farrisworth Panel 
= D15 (MacBeath Easel) or Ishihara’s color 
plates (artificial daylight). Standard scor- 
‘> ing” was used to detect chromatic discrimi- 
nation loss along protan, deutan, or tritan 
axes. 

Esophageal and gastroduodenal mano- 
metric testing was performed in three pa- 
tients {IH-1, IH-3, and IH-5, Table 1). 
Subsequently, large-bite rectal biopsy spec- 
imens were obtained from all six patients. 
Other measurements of autonomic func- 
> tion” were recorded for patients HI-1 and 
HI-5 and included resting heart rate, elec- 
trocardiographic monitoring of beat-to-beat 
heart rate variation performed with the 
“patient at rest and in a supine position, the 
~Yatio of the longest respiration to the short- 
' est respiration interval with Valsalva’s ma- 
neuver for 15 seconds, and the heart rates 
response to standing. 

The diagnosis of NIHID was made on the 
basis of clinical findings and the presence of 
characteristic eosinophilic intranuclear in- 
elusions within the myenteric plexus on 
rectal biopsy specimens. 

We describe our propositus in detail; data 
< from all patients are summarized in Tables 

Land 2. 





REPORT OF A CASE 


¿"Patient Ill-1, a 30-year-old cachectie 
woman, was admitted to the University of 
Michigan Medical Center, Ann Arbor, in 
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Rectal Neurologic 




















Clinical Biopsy Examination 
Patient/Age/Sex, y Presentation Result Finding 
li-1/307F (propositus) Abdominal pain, vomiting, + Normal (normal brain 
constipation MRI scan) 
H-5/26/F (sister) Abdominal pain, constipation, + Normal (nondiagnostic 
dysphagia EMG/NCV) 
li-3/28/M (brother) Chest pain, dysphagia + Normal 
H-2/29/M (brother) Asymptomatic ed Normal 
-1/49/M (father) Abdominal pain + Normal 
4-2/47/F (mother) Asymptomatic = Normal 


1987, for evaluation of vomiting, abdominal 
pain, weight loss, and constipation. With a 
history of multiple episodes of abdominal 
pain and distention, dysphagia, and vomit- 
ing since early childhood, she had under- 
gone several surgical procedures for esoph- 
ageal and intestinal dysmotility and a 
partial gastrectomy for gastric adenocarci- 
noma at the age of 26 years. 

Although she denied any visual com- 
plaints, pupils were unresponsive to 
light, and she was referred for further 
examination. 

Ophthalmologic examination revealed vi- 
sual acuities of 20/20 OU with correction 
and Jaeger 0.5 at near point acuity (— 1.00 
sphere + 1.00 cylinder x 45° OD, and — 1.50 
sphere +1.25 cylinder x130° OS). Both 
pupils were round and measured 5.0 mm in 
dim illumination. There was no response to 
direction light and minimal constriction to a 
near target. On instillation of pilocarpine 
(0.1% QU), both pupils showed abnormal 
constriction to 2 mm after 30 minutes (Fig 
2). Instillation of cocaine (4%) and hydroxy- 
amphetamine (1%) on consecutive days pro- 
duced no pupillary dilation. In a third trial, 
phenylephrine (0.1%) produced: dilation of 
both pupils from 4 to 9 mm after 30 min- 
utes. Accommodative amplitudes were 4 


diopters (D) (normal, 7 to 10 D). 

Findings from the assessment of color 
vision by the Farnsworth D15 Panel were 
normal. The results of ocular ‘motility and 
biomicroscopic examinations were likewise 
normal. No iris atrophy or iris sector pare- 
sis was noted. Corneal sensation and find- 
ings from an anesthetized Schirmer’s test 
were normal. Dilated fundus examination 
revealed minimal granularity of the retinal 
pigment epithelium of the macula and pe- 
riphery. Peripheral visual fields were nor- 
mal with the Goldmann perimeter. 

The ERG (Fig 3 and Table 2) showed 
marked reduction in rod b-wave ampli- 
tudes. Cone responses were normal, Dark- 
adapted rod final thresholds were elevated 
by 0.5 log units. 

The results of neurologic examination and 
standard measurements of autonomic fune- 
tion” were normal. Magnetic resonance im- 
aging of the brain was normal. The patient 
refused nerve conduction studies and elec- 
tromyography. 

Esophageal manometric studies revealed 
aperistaltie waveforms, incomplete lower 
esophageal sphincter relaxation with swal- 
lowing, and esophageal body contractions 
provoked with cold water and bethanechol. 
Gastroduodenal manometric studies showed 
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Gastrointestinal 
Finding 


Pupils 


Etectroretinogram 


Color Vision 


Dark-Adapted 
Final Rod 
Thresholds 








Manometric results 
consistent with enteric 
autonomic dysfunction 


Clinical: no response to 
light with minima! 
constriction to near 
target, 

Pharmacologic: 
parasympathetic and 
sympathetic denervation 
with supersensitivity 


Dark-adapted a-wave slope: 
reduced, dark-adapted b-wave 
amplitude: reduced, rod b-wave 
amplitude: reduced, and cone 
response (30 Hz + LA b-wave) 
amplitudes; norma! 


Farnsworth D15 Panel: 
normal 


Elevated 0.5 log unit 








Manometric results 
consistent with enteric 
autonomic dysfunction 


Clinical: no response to 
light or near target, 

Pharmacologic: normal 
responses 


Dark-adapted a-wave slope: 
normal, dark-adapted b-wave 
amplitude reduced, rod b-wave 
amplitude: reduced, and cone 
response (30 Hz + LA b-wave) 
amplitudes: normal 


Ishihara color plates: 
missed 2/14 OD, 
1/14 OS; 
Farnsworth D18 
Panel: not done 


Elevated 0.5 jog unit ` 





< Manometric results 














Clinical: normal responses, Dark-adapted a-wave slope: Farnsworth D15 Panel: Normal 
consistent with enteric Pharmacologic: not normal, dark-adapted b-wave normal 
autonomic dysfunction performed amplitude: reduced, rod b-wave 
amplitude: borderline reduced, 
and cone response (30 Hz + LA 
b-wave) amplitudes: normal 
Manometry not performed Clinical: normal responses, Dark-adapted a-wave slope: Farnsworth D15 Panel: Normal 


Pharmacologic: not 


performed 


normal, dark-adapted b-wave 
amplitude: normal, rod b-wave 
amplitude: normal, and cone 
response (30 Hz+LA b-wave) 
amplitudes: normal 


normal 





Manometry not performed 


performed 


Clinical: normal responses, 
Pharmacologic: not 


Dark-adapted a-wave slope: 
reduced, dark-adapted b-wave 
amplitude: reduced, rod b-wave 
amplitude: borderline reduced, 
and cone response (30 Hz + LA 
b-wave) amplitudes: borderline 
reduced 





Manometry not performed 


performed 


Clinical: normal responses, 
Pharmacologic: not 


Farnsworth D15 Panel: 


Elevated 1.0 log unit 
normal 





Dark-adapted a-wave slope: 
normal, dark-adapted b-wave 
amplitude: normal, rod b-wave 
amplitude: normal, and cone 
response (30 Hz + LA b-wave) 
amplitudes: normal 


Farnsworth D15 Panel: 


Normal 
normal 


“* NIHID indicates neuronal intranuclear hyaline inclusion disease; MRI, magnetic resonance imaging: LA, light-adapted; EMG, electromyography: and NOV, nerve-con- 


duction velocity. 


Patient’ DA b Wave, DA a Wave, 
Age, y EN Slope uV/ms 


Rod b Wave, LA b Wave, 
BV uv 





H-1/30f 1364 4.02 


1044 74 





Hi-S /26¢ 1084 2534 


132¢ 152 





W-3/28t 197% 4.38 


216 75 





2/29 8.75 


462 168 





ie ty 49t 2.28} 


145¢ 56 





4-27 47 3.65 


228 78 





Mean + SD 
(ow value)§ 
378 + 82 6.61 + 2.26 
(227) (3.12) 


337 + 70.8 120 + 31.8 103 + 30.8 
(201) (50) (61) 





* NIHID indicates neuronal intranuclear hyaline inclusion disease; DA b wave, dark-adapted, single white flash, 
b-wave amplitude; DA a wave, dark-adapted, single white flash, a-wave slope; rod b wave, dark-adapted, single 
dim blue flash, b-wave amplitude; LA b wave, light-adapted, single white flash, b-wave amplitude; and 30 Hz, 


30-Hz white flicker, response amplitude. 
{Diagnosis of NIHID by biopsy specimen. 


Abnormal responses (>2 SDs below the normal mean). 


§From normal subjects aged 5 to 60 years. 


poor antroducdenal conductivity and abnor- 

mal migrating motor complex activity. Both 

studies suggested enteric autonomic dys- 

function consistent with CHP. , 

; A large-bite: rectal biopsy specimen 
< Showed eosinophilic intranuclear inclusions 
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in the submucosal neurons characteristic of 
NIHID (Fig 4). Electron microscopy dem- 
onstrated that these inclusions were com- 
posed of straight, randomly arranged fibrils 
characteristically seen in NIHID (Fig 5). 
No evidence of recurrent gastric adenocar- 
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cinoma was found on subsequent esophago- 
gastroduodenoscopy. 


RESULTS 


The conditions of the propositus 
(I1I-1), two of her siblings (HI-3 and 
ITI-5), and her father (II-1) were diag- 
nosed as CIIP and NIHID based on 
clinical and biopsy findings (Fig 1 and 
Tables 1 and 2). The propositus moth- 
er (11-2), one sibling (III-2), and the 
1l-month-old son (IV-3) of TH-5 had 
negative biopsy results. 

The propositus and her sibling (II-1 
and IH-5, respectively) had pupils that- 
failed to respond normally to direct: 
light or a near target. The propositus- 
GH-1) had pharmacologic evidence of 
both sympathetic and parasympathetic. 


denervation of the pupils; her sibling : 
(111-5) had normal pharmacologic pu- 


pillary testing. 

All four patients who had. CHP and- 
NIHID also had reduced dark-adapted. 
ERG b-wave amplitudes. Rod. b-wave 
amplitudes were subnormal in three 
patients (ITf-1, UT-5, and H-D and 





















borderline reduced in one (IT1-3), The 
dark-adapted a-wave slope was re- 
duced in two patients (III-1 and H-1) 
and normal in the other two. Cone 
30-Hz and light-adapted b-wave ampli- 
tudes were normal in three patients 
and borderline reduced in one (11-1). 
Three of the four patients with 
CIIP/NIHID had elevated dark-adapt- 
ed final rod thresholds. Color vision by 
the Farnsworth D15 Panel was normal 
in the three patients who were tested. 
In all four patients with CIIP/ 
NIHID, results of dinical neurologic 








examination were normal, except for 
pupillary abnormalities in HI-1 and 
HI-5. In fact, it was the areflexic 
pupils in the propositus, together with 
the enteric dysfunction, which led to 
the rectal biopsy that established the 
diagnosis of NIHID. 
COMMENT 


Three siblings (111-1, IH-3, and HH- 
5) and their father (H-1) had symptoms 
of CHIP and ocular abnormalities that 
provided evidence of disseminated in- 
volvement of the central and autonom- 





ic nervous systems. The finding of 
reduced pupillary light reflexes in the 
propositus ultimately led to the first 
antemortem pathologic diagnosis of 
NIHID in two generations of a single 
family. 

Although sometimes subtle, ocular 
abnormalities appear to be a promi- 
nent feature of NIHID, having oc- 
curred in 15 of the now 20 reported 
cases. PFE" Diminished or absent 
pupillary constriction to light has been 
found in 50% of patients.” In three 
cases,*” absent or diminished pupillary 
light responses were the only ocular 
abnormalities reported. 

In the five cases*’’* where there 
were other clinical manifestations of 
autonomic dysfunction, pupillary re- 
flexes were always noted to be abnor- 
mal. In two cases, pupillary dysfunc- 
tion was the only clinical evidence of 
autonomic abnormality.” Although pu- 
pillary function has not been specifical- 
ly mentioned in several cases where 
intranuclear inclusions were found in 
the autonomic nervous systems, ”®" 
the pupils appeared to be a sensitive 
indicator of clinical autonomic dysfunc- 
tion in this disease. In the only two 
previously described patients who un- 
derwent pupillary pharmacologic test- 
ing,” pupillary response to cocaine (4%) 
and pilocarpine (0.1%) indicated both 


Fig 2.— Left, Left pupil of propositus (Ill-1) measures 5 mm in dim illumination. Right, Twenty 
minutes after instillation of one drop of pilocarpine (0.194), left pupil of propositus now measures 
2mm, demonstrating parasympathetic denervation supersensitivity of iris sphincter. 


sympathetic and parasympathetic dys- 
function similar to that found in our 


Fig 3.—Electroretinographic responses from six members of a family with neuronal intranuclear hyaline inclusion disease. 
Patients Il-1, IH-3, H-5, and il-1 had positive biopsy results. Their rod-predominant dark-adapted white and blue flash 
responses are abnormally small, but their cone responses are normal, except for Il-1. The responses of H-2, who is 
unaffected, are normal. Although Il-2 (mother) had negative biopsy results and was clinically unaffected, her responses to 
dark-adapted white and blue flashes were, for unexplained reasons, at the lower limit of normal. 
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propositus. These findings are consis- 
tent with postganglionic denervation 
of the iris. 

Electroretinographic results were 
previously reported in only one patient 
with NIHID” and were “normal.” In 
another report of monozygotic twins 
who died of NIHID,” recordings were 
not obtained on the patients, but the 
ERGs on four first-degree living rela- 
tives showed “low b-wave ampli- 
tudes.” All four of our patients with 
biopsy-proved NIHID demonstrated a 





Dig e 


marked reduction in dark-adapted b- 
wave or rod b-wave responses; two 
patients had reduced rod a-wave 
slopes. The b-wave amplitude reduc- 
tions were significantly greater than 
the rod a-wave reductions. 

As the b-wave is generated at the 
level of the bipolar cells and may in- 
volve Müller’ cells,” and the a-wave is 
generated by photoreceptor cells,” 
these findings could be explained by 
damage to Miiller’s or bipolar cells or 
by a transmission defect between pho- 






Fig 4.—Light micrograph of rectal biopsy specimen obtained from Ill-1 shows intranuclear 
inclusion (arrow) within ganglion cell of submucosal plexus (hematoxylin-eosin, x 600). 


Fig 5.—Electron micrograph of rectal biopsy specimen obtained from lil-1 demonstrates 
intranuclear inclusion (arrow), characteristic of neuronal intranuclear hyaline inclusion disease 
{x 6700). 
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toreceptor or amacrine cells and bipo- 
lar cells. 

The possibility that the abnormal 
ERG reflects a neurotransmitter dis- 
order is in keeping with earlier find- 
ings in NIHID. In a patient who died 
of NIHID,” biochemical markers from 
major neurotransmitter systems were 
used to demonstrate deficiencies in ni- 
grostriatal dopamine and loss of nor- 
epinephrine and serotonin in the basal 
ganglia and hypothalamus. Brain ami- 
no acids (y-aminobutyric acid and glu- 
tamate) and ch®line acetyltransferase 
activity were less severely affected. 
These findings were believed to consti- 
tute the basis for the parkinsonian 
features in this patient. Notably, the 
retina is a tissue rich in dopamine, 
where it may be an important modula- 
tor of retinal responsiveness to flash 
stimuli.” Reduction of photopic and 
scotopic ERG amplitudes have been 
found in patients with Parkinson's dis- 
ease.” 

Pathologic correlation for the clinical 
ophthalmologic findings in NIHID is 
limited because the visual system has 
received relatively little attention. The 
eyes and the ciliary ganglion were 
histopathologically normal in one case 
with clinically documented pupillary 
abnormalities.” Janota’ reported a case 
that occurred in a 45-year-old man who 
was initially thought to have Frie- 
dreichs ataxia and “slow eye move- 
ments.” On postmortem examination, 
cranial nerves III, IV, and VI were 
noted to be thin and gray, and on 
light microscopy, intranuclear inclu- 
sions were found in cranial nerve HI 
nuclei. 

In monozygotic twins with NIHID 
and optic atrophy, Haltia et al” noted 
ganglion cell loss and intranuclear in- 
clusions in ganglion cells of the posteri- 
or part of the retina. Bipolar cells and 
photoreceptors were thought to be 
normal, although there was loss of 
pigment of the retinal pigment epithe- 
lium in the posterior pole. The optic 
nerves showed loss of myelinated ax- 
ons and marked reactive astrocytosis. 

The ultimate diagnosis of NIHID 
rests on the light microscopic finding of 
typical eosinophilic intranuclear inclu- 
sions within the neurons of the central 
and/or peripheral nervous systems. 
The antemortem diagnosis can be most 
easily obtained by demonstrating 
these inclusions in the enteric auto- 
nomic plexuses on a rectal biopsy 
specimen. 

Ultrastructurally, these inclusions 
consist of unique, straight, randomly 
arranged fibrils that range from 8 to 18 
nm in diameter. Granular inclusions 
were noted previously in one case.’ 
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The inclusion in NIHID can be distin- 
guished from other inclusions associ- 
ated with neurodegenerative diseases 
by its intranuclear location, and it can 
be distinguished from inclusions asso- 
ciated with viral disease by its ultra- 
structural characteristics and by the 
absence of viral particles. While its 
composition has not been fully eluci- 
dated, the NIHID inclusion is believed 
to be a protein rich in the amino acid 
tryptophan,*” a known precursor of 
the neurotransmitter serotonin. 
Neuronal intranucléar hyaline inclu- 
sion disease is most likely to be con- 
fused with multiple-system atrophy,” 
an idiopathic adult disorder variably 
manifested by orthostatic hypotension, 
loss of sweating and sphincter control, 
impotence, ataxia, spasticity, brady- 
kinesia, rigidity, tremor, and postural 
instability. Iris atrephy with pupillary 
cholinergic supersensitivity and exter- 
nal ophthalmoplegia have been report- 
ed in multiple-system atrophy,” but 
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gastrointestinal dysmotility is not a 
prominent feature. Progressive neuro- 
logic degeneration is a result of bilater- 
al symmetrical neuronal loss in the 
basal ganglia, corticospinal tracts, cer- 
ebellum, and autonomic nervous sys- 
tem. Neuronal intranuclear hyaline in- 
clusion disease differs from multiple- 
system atrophy in its earlier onset 
(mean age, 17 years), milder autonom- 
ic abnormalities, and the presence of 
intranuclear inclusions. 

Chronic idiopathic intestinal pseudo- 
obstruction, the presenting syndrome 
in our patients, is a rare clinical entity 
characterized by ineffective intestinal 
propulsion without a visible mechani- 
cal obstructive lesion. It is a manifesta- 
tion of either a neuropathic or myo- 
pathic disorder of the gastrointestinal 
tract. The combination of CIIP and 
central nervous system signs is rare. 
Cockel et al described four siblings 
with steatorrhea associated with calci- 
fication of the basal ganglia and mental 
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retardation. Atrophy of the intestinal 
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the colonic myenteric plexus were not- 
ed without inclusions. Faber et al 
reported two autosomal recessive fa- 
milial cases of CIIP associated with 
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The role of heredity in NIHID is not 
well understood. Previous reports 
were of single cases with the exception 
of one pair of siblings’ and a pair of 
monozygotic twins.” Our family is 
unique in documenting disease in two 
generations. Our limited pedigree pre- 
cludes meaningful conclusions about 
the pattern of transmission. 
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Molteno Implants and Operating 


Microscope—Induced Retinal Phototoxicity 
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è The right eye of a 75-year-old 
man with a history of cataract extrac- 
tion, three penetrating keratoplasties, 
laser trabeculoplasty, two Molteno im- 
plants, and an operating microscope— 
induced retinal phototoxic lesion was 
studied post mortem. Histopathologic 
examination of the anterior segment 
showed evidence of penetrating ker- 
atoplasty, cataract surgery, and two Mol- 
teno implants with minimal associated 
tissue response. Ultrastructural exami- 
nation showed a loose collagenous ma- 
trix. surrounding the Molteno reservoirs, 
suggesting aqueous percolation from 
the reservoirs into the conjunctiva. Pos- 
teriorly, in the area of the phototoxic 
operating microscope—induced lesion, a 
nodule of retinal pigment epithelia! hy- 
perplasia with overlying atrophy of the 
photoreceptor cell layer of the neurosen- 
sory retina was noted. The retina also 
contained cystoid macular edema and an 
extensive preretinal membrane that was 
clinically unexpected. 

(Arch Ophthalmol. 1991 ;109:379-383) 


The Molteno implant is a useful ad- 

junct in the management of refrac- 
tory glaucoma. The single-plate Mol- 
teno implant consists of a silicone 
rubber tube attached to a polypropyl- 
ene plate. Aqueous is drained into the 
plate, where it gains access to the 
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ensheathing fibrous capsule through 
which it may escape into the episcleral 
vessels.’ Several previously published 
reports have described the tissue reac- 
tion to a functioning Molteno implant 
in humans.** We studied the tissue 
reaction in an eye obtained post mor- 
tem from a 75-year-old man with two 
functioning Molteno implants. The eye 
had undergone numerous intraocular 
surgical procedures; during the course 
of one of the operations, the retina 
sustained a phototoxic injury from the 
operating microscope. Iatrogenic reti- 
nal photoxicity secondary to operating 
microscope exposure is a well-docu- 
mented clinical entity.*” This complica- 
tion may arise following virtually any 
ophthalmic procedure when an operat- 
ing microscope is used.” Although 
animal models have been developed to 
study photochemical retinal lesions” 
and the histopathologic finding of pho- 
tic maculopathy induced in human eyes 
before enucleation for melanoma has 
been shown,“ the histopathologic fea- 
tures of an iatrogenic operating mi- 
croscope-induced retinal lesion in a 
human has not been previously demon- 
strated, to our knowledge. 


REPORT OF A CASE 


We studied the case of a 75-year-old man 
who had had a diagnosis of interstitial kera- 
titis. The relevant history was limited to his 
right eye. In March 1979, he underwent an 
uncomplicated penetrating keratoplasty. In 
June 1979, he sustained a traumatic wound 
dehiscence, which was repaired. Postopera- 
tive visual acuity was 20/40, and intraocular 
pressure was 18 mm Hg. In February 1980, 
a cataract developed posterior to a clear 
corneal transplant, which reduced his visual 
acuity to 20/200. He underwent an intracap- 


sular cataract extraction with an anterior 
vitrectomy, and postoperative visual. acuity 
improved to 20/40 with residual impairment 
due to cystoid macular edema. Intraocular 
pressures at that time remained normal. In 
July 1980, he developed a vitreous hemor- 
rhage that was believed to be secondary to 
cataract wound neovascularization. In Sep- 
tember 1980, he underwent a vitrectomy 
for nonclearing vitreous hemorrhage, with 
a good visual result. After several months, 
visual acuity stabilized at 20/40. Postopera-- 
tively, his intraocular pressure was inter- 
mittently elevated to the low 30s but was 
successfully controlled with medical thera- 


py. In April 1981, he developed a recurrent... 


vitreous hemorrhage complicated by ghost 
cell glaucoma with intraocular pressure ele- 
vations greater than 50 mm Hg but still 
manageable with medical therapy. His glau- 
coma worsened during the next several 
years. In December 1983, he underwent an 


aphakie posterior lip sclerectomy and ante- .. 


rior vitreetomy for chronically elevated in- 
traocular pressures in the low 30s and a 
new inferonasal step on visual field testing. 
Although the bleb clinically failed, the in- 
traocular pressures remained in the upper 
teens. In early 1984, he was noted to have a 
grayish subretinal lesion with a pigmented 
margin in the inferonasal macula (Fig 1). 
The patients history of multiple intraocu- 
lar surgeries in which an operating micro- 
scope was used along with clinical and fluo- 
rescein angiographie findings suggested an_ 
operating microscope-induced phototoxic 
injury (Fig 2). In June 1984, his visual 
acuity decreased markedly from 20/40 to 
counting fingers at 2 ft. He was diagnosed 
as having recurrent herpes simplex kerati- 
tis, which was treated medically. Corneal 


rejection eventually necessitated repeated > 


penetrating keratoplasty. His postopera- 
tive visual acuity in November 1985 was 
20/40. The corneal graft again was rejected, 
necessitating a third penetrating kerato- 
plasty in June 1987. His intraocular. pres- 
sure could not be controlled with maximum 
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Fig 1.—Appearance of the right fundus in 
1983 (top) compared with that in 1990 (bot- 
tom) in which a hypopigmented lesion with a 
hyperpigmented margin just inferonasal to 
the fovea is present. An idiopathic preretinal 
membrane is seen (arrows) that was not 
noted clinically. 


medical management. Consequently, a sin- 
gle-plate Molteno implant was placed in 
October 1988, resulting in decreased intra- 
ocular pressure from the low 30s to the low 
20s. A second Molteno implant was placed 
in April 1989 for further pressure reduc- 
tion. His postoperative intraocular pressure 
ranged from 10 to 14 mm Hg with no 
medications. He was diagnosed as having 
renal cell carcinoma in April 1989 and died 
with metastatic disease in June 1990. The 
right eye was obtained for postmortem 
examination. 


PATHOLOGIC FINDINGS 


Gross examination showed a 23x 
23 x 22-mm right eye with a d-mm op- 
tic nerve attached. The cornea con- 
tained a 7-mm penetrating kerato- 
plasty with associated interrupted 
sutures. Molteno implants were locat- 
ed at the 10- and 2-o'clock positions, 
with associated tubes entering the su- 
peronasal and superotemporal anterior 
chamber (Fig 3). Peripheral iridec- 
tomy sites were located at the 10- and 
12-o’clock positions. The lens was ab- 
sent. The eye was opened horizontally 
with first removal of the superior ca- 
lotte. The anterior segment included 
tubes from the Molteno implants pass- 
ing through the iridectomy at the 10- 
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Fig 2.—Fluorescein angiogram in the early 
phase (top) demonstrates peripapillary hy- 
perfluorescence and an area of hypofiuores- 
cence inferonasal to the fovea corresponding 
to the phototoxic operating microscope-in- 
duced lesion. The late-phase angiogram 
(bottom) demonstrates transmitted fluores- 
cein over the microscope-induced lesion and 
extensive fluorescein leakage. 


o'clock position and the trabecular 
meshwork at the 2-o’clock position. A 
section of the eye, including the su- 
perotemporal Molteno implant and 
tube, was submitted for histopatholog- 
ic study. Another section of the eve, 
ineluding the superonasal Molteno im- 
plant tube and peripheral anterior 
chamber, was submitted for scanning 
and transmission electron microscopy. 
Examination of the posterior segment 
showed the retina to contain an area of 
increased pigmentation corresponding 
to the clinically observed operating 
microscope-induced lesion just infer- 
onasal to the fovea. The vitreous was 
posteriorly detached. The inferior ca- 
lotte was removed, and serial T-um 
step sections were obtained every 
15 pm through the pupil-optic nerve 
section. 

Histologic examination cf the anteri- 
or segment showed evidence of previ- 
ous penetrating keratoplasties and 
aphakia. The reservoir of the supero- 
temporal Molteno implart was sur- 
rounded by loose fibrous tissue (Fig 4). 
The tube was noted to pass through 
the superficial sclera and to enter the 
anterior chamber through the posteri- 
or ciliary body just posterior to the 


























Fig 3.—Top, The right eye contains supero- 
nasal and superotemporal Molteno implants 
(arrowheads). The cornea exhibits interrupt- 
ed sutures from keratoplasty surgery, and the 
iris contains a peripheral iridectomy at the 12- 
o'clock position. Bottom, Tubes from the su- 
pertemporal (arrow) and superonasal (arrow- 
head) Molteno implants are seen. A superior 
iridectomy is seen at the 12-0'clock position, 
and the superotemporal tube passes through 
an additional iridectomy. 


scleral spur. Rare chronic inflamma- 
tory cells were present in the epi- 
sclera. The area surrounding the res- 
ervoir contained loose fibroconnective 
tissue and occasional inflammatory 
cells with phagocytized intracellular 
material. The loose connective tissue 
became more compact and organized 
farther away from the reservoir, Small 
strands of foreign material were pres- 
ent in the fibroconnective tissue. Scan- 
ning electron microscopy of the tube 
from the superonasal Molteno implant 
in the anterior chamber showed a lack 
of inflammation and fibrous tissue re- 
sponse (Fig 5). Ultrastructural exami- 
nation showed fibrocytes immediately 
adjacent to the reservoir surrounded 
by collagen in an edematous matrix 
(Fig 6). Collagen fibrils measured up to 
6.5 nm in diameter. Foreign material 
of varying electron density was pres- 
ent, and phagocytes with intracyto- 
plasmic electron dense granules were 
present. Due to the location of the 
foreign material away from the reser- 
voir near the footplate, it was inter- 
preted to be degraded suture material. 
No inflammatory cells or foreign-body 
reaction adjacent to the reservoir was 
noted. Histopathologic examination of 
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Fig 4.—Top, The reservoir of the superotem- 
poral Molteno implant (asterisk) is located in 
the subconjunctival space. The tube from the 
reservoir (arrow) passes through the sclera 
and iris root into the anterior chamber at the 
site of a peripheral iridectomy (periodic 
acid—Schiff, original magnification x 4). Bot- 
fom, Inflammation is notably absent in the 
area where the tube enters the anterior cham- 
ber (asterisk). A corneal scar from a previous 
cataract surgery (between arrows) and a re- 
trocorneal fibrous membrane (arrowheads) 
are present (periodic acid—Schiff, original 
magnification x 10). 


Fig 5.—Scanning electron micrograph of the 
tube of the superonasal Molteno implant in 
the anterior chamber. Inflammatory cells and 
fibrous tissue proliferation are notably ab- 
sent. 
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Fig 6.—Loose connective tissue is external to 
the site of the superotemporal Molteno reser- 
voir (asterisk). The nucleus (n) and cytoplasm 
(c) of fibrocytes are present. More edematous 
space is associated with the connective-tis- 
sue matrix immediately adjacent to the reser- 
voir than more externally (original magnifica- 
tion x 4940). 


the retina showed an area of cystoid 
macular edema, nerve fiber and gangli- 
on cell layer atrophy, and a subretinal 
nodule of hyperplastic retinal pigment 
epithelium with overlying atrophy of 
the photoreceptor cell layer of the neu- 
rosensory retina (Fig 7). Peripapillary 
atrophy of the retinal pigment epitheli- 
um was noted. A thin preretinal mem- 
brane extended throughout the poste- 
rior pole. There was evidence of mild 
glaucomatous atrophy of the optic 
nerve, A two-dimensional reconstruc- 
tion of the retinal topography (Fig 8) 
showed that the area of retinal pig- 
ment epithelial hyperplasia/photore- 
ceptor atrophy corresponded with the 
operating microscope-induced photo- 
toxic Injury seen clinically. 
COMMENT 


Previous experimental studies in 
which Molteno-type shunts were im- 
planted in the eyes of monkeys with 
goniophotocoagulation-induced experi- 
mental glaucoma and left in place for 3 
to 9 months have shown an intact 
fibrous capsule surrounding the im- 
plant that was composed of multiple 
layers whose internal to external den- 
sity increased with an incomplete cell 
layer of fibroblasts along the internal 
surface.’ In addition, pathologic find- 
ings of a human eye with a pump shunt 
in place for 6 months also showed 
lacunae of variable sizes formed by 
episcleral fibrous tissue.” In our study, 
the fibrous capsule immediately sur- 
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Fig 7.—Top, Extensive areas of cystoid edema (asterisks) are present in the macula. A 


preretinal membrane (arrows) causes surface wrinkling of the retina (periodic acid- 
Schiff, original magnification x 63). Bottom, The area of the phototoxic lesion contains retinal 


pigment epithelial 


hyperpiasia with associated basement 


membrane-—like materi- 


al (between arrowheads) overlying intact Bruch’s membrane. Photoreceptor atrophy (curved 
arrows) is noted overlying the mound of hyperplastic retinal pigment epithelium. A thin preretinal 
membrane (small arrows) causes surface wrinkling (periodic acid—Schiff, original magnification 


x 63). 


rounding the implant was loosely 
arranged and became more tightly 
packed, progressing further from the 
area immediately adjacent to the res- 
ervoir. This is consistent with a previ- 
ous study that showed, in functioning 
blebs, the subepithelial connective tis- 
sue to be loosely arranged and to con- 
tain clear spaces. The explanation for 
this is believed to be related to the 
inhibitory effect of aqueous on fibro- 
blastic proliferation as demonstrated 
by in vitro experiments on cultured 
fibroblasts." 


The presence of an inflammatory 
response surrounding shunt devices is 
controversial. Loeffler and Grehn’ re- 
ported no excessive inflammation in 
the fibrous tissue surrounding a func- 
tioning Molteno implant, except in the 
inner wall associated with necrotic cel- 
lular debris. However, Minckler and 
coworkers’ found a prominent number 
of inflammatory cells, including plasma 
cells, in the outer layer of tissue sur- 
rounding an experimental implant. In 
a recent study,’ it was reported that 
one of three Molteno implants in hu- 
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Fig:8.— Two-dimensional retinal topographic reconstruction demonstrates the extent of cystoid 
macular edema and retinal pigment epithelial/photoreceptor changes. 


man eyes was surrounded by tissue 
containing a chronic inflammatory in- 
filtrate, although no inflammation or 
fibrosis was associated with the other 
implants. The histopathologic findings 
of the functioning Molteno implants in 
our patient are consistent with previ- 
ous reports and support the contention 
that a functional filtration bleb is as- 
sociated with a loose collagenous ma- 
trix and the lack of excessive in- 
flammation. 

The clinical history of multiple in- 
traocular surgeries in which operating 
microscopes were used and the sudden 
appearance of an inferior macular le- 
sion without preexisting drusen, infec- 
tion, or trauma are consistent with a 
phototoxiec operating microscope-in- 
duced retinal lesion. Operating micro- 
scope-induced phototoxic lesions are 
most commonly located in the inferior 
macula.” 

Fluorescein angiography demon- 
strated diffuse leakage, peripapillary 
atrophy, and fluorescein blockage at 
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the site of the phototoxic lesion. Reti- 
nal edema has been demonstrated as 
an early clinical’ and histopathologic” 
finding in photic retinal lesions. The 
cystoid macular edema was a persis- 
tent late finding in our case and may be 
due in part to prior cataract surgery 
and/or preretinal membrane forma- 
tion. The peripapillary retinal pigment 
epithelial atrophy was present before 
and was unrelated to the photic injury. 
The island of retinal pigment epithelial 
hyperplasia is similar to areas of reti- 
nal pigment epithelial metaplasia dem- 
onstrated in the late (reparative) 
stages of experimental phototoxicity.” 
The mound of retinal pigment epi- 
thelial hyperplasia included periodic 
acid-Schiff basement membrane-like 
material and clinically blocked fluores- 
cein. Overlying photoreceptor atrophy 
implies that the phototoxicity was se- 
vere enough to cause irreparable dam- 
age, as photoreceptor regeneration has 
been shown after minor phototoxic 
damage." Examination of serial step 
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sections failed to disclose defects in 
Bruch’s membrane or subretinal neo- 
vascularization. 

A clinically unexpected finding that 
was demonstrated histopathologically 
in our case was an extensive thin pre- 
retinal membrane that caused surface 
wrinkling. Retrospective analysis of 
fundus photographs disclosed the pre- 
retinal membrane (Fig 1). Preretinal 
membranes have been clinically noted 
in patients with phototoxic retinal inju- 
ry from operating microscopes’, how- 
ever, the membréne in this case was 
present before the injury. The pre- 
retinal membrane in addition to glau- 
comatous atrophy of the inner retinal 
layers and cystoid macular edema lim- 
ited best corrected visual acuity de- 
spite a clear graft and normal intraocu- 
lar pressure in our case. It is unknown 
where the preretinal membrane arose, 
although it is known that preretinal 
membranes can arise. wherever there 
is a defect in the inner limiting mem- 
brane.” 

The clinicopathologie findings -of 
light microscopic. phototoxicity in. our 
case were limited to the retina. The 
changes diminished visual acuity in-an 
eye that was already compromised by 
glaucoma, cataract extraction, and 
multiple penetrating keratoplasties. It 
is important to take precautions to: 
avoid operating microscope-induced. 
phototoxicity in eyes such as this that 
have had multiple surgical procedures 
and are at increased risk to develop 
this iatrogenic complication. It is also 
noteworthy that multiple surgical pro- 
cedures, including two Molteno im- 
plantations, enabled the patient to see 
as well as he did. 
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Ocular Histopathologic Findings in a 46-Year-Old 


Man With Primary Hyperoxaluria 


Taiji Sakamoto, MD; Kazunobu Maeda, MD; Katsuo Sueishi, MD; Hajime Inomata, MD; Kaoru Onoyama, MD 


e A 46-year-old Japanese man with 
familial primary hyperoxaluria had been 
suffering from urolithiasis since the age 
of 6 years and had been treated by hemo- 
dialysis for 8 years before his death. The 
a-ketoglutarate glyoxylate carboligase 
and serine pyruvate transoxylase activi- 
ties in the patient's liver had markedly 
decreased, indicating type | primary hy- 
peroxaluria. Ocular tissues obtained at 
autopsy were studied immunohisto- 
chemically and histochemically. The oc- 
ular alterations were characterized by an 
unusual distribution of oxalate deposits, 
mainly located in the outer plexiform 
layer and the nuclear layer but not in the 
retinal pigment epithelium or in the vas- 
cularized layer of the sensory retina. 
These distributions of the oxalate depos- 
its were determined to be unrelated to 
the blood vessels. 

{Arch Ophthalmol. 1991;109:384-387) 


Primary hyperoxaluria is a rare in- 

herited disorder involving carbohy- 
drate metabolism in which numerous 
calcium oxalate crystals are deposited 
among diverse tissues. The common 
sites of oxalate deposits are the kid- 
neys, myocardium, arteries, testes, 
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and bones.’ Two distinct enzyme de- 
fects lead to increased serum oxalate 
levels. The major deficient enzymes 
are a-ketoglutarate glyoxylate carboli- 
gase in type I hyperoxaluria and D- 
glyceric dehydrogenase in type II hy- 
peroxaluria. Both subtypes are inher- 
ited in an autosomal recessive manner, 
and most patients with primary oxalo- 
sis are destined to die of renal failure 
by the second decade of life.” Some 
clinical reports have referred to the 
ocular findings of this disease,’" and 
there have been a few histologic re- 
ports on ocular lesions.*°°" These re- 
ports have stressed that the crystal 
deposits were mainly located in the 
retinal pigment epithelium and occa- 
sionally in a vascularized layer of the 
sensory retina. We report the ocular 
alterations in a 46-year-old Japanese 
man with familial primary hyperoxa- 
luria. Using both histochemical and 
immunohistochemical techniques, we 
demonstrated a unique distribution 
of crystalline deposits different from 
those reported previously, and we pro- 
pose some possible causes for these 
ocular changes. 


REPORT OF A CASE 


The patient, a 46-year-old Japanese man, 
had undergone recurrent hospitalizations 
because of urolithiasis since the age of 6 
years. When he was 23 years old, a right- 
sided nephréctomy was performed. Soon 
afterward, renal stenes were also discov- 
ered in the left kidney, and gas chromatog- 
raphy and mass. spectrography ‘disclosed 
abnormally high levels of urine oxalate. His 
renal functions. gradually worsened, and 
hemodialysis was begun when he was 38 


years old; after this he began -to suffer from 
chronic and occasionally severe back pain 
and bone pain in both femurs, for which he 
took analgesics. A bone biopsy specimen of 
the ilum at 42 years of age demonstrated 
multiple depositions of oxalate crystals. 
Funduscopy revealed multiple white, pin- 
head-sized lesions scattered throughout the 
posterior areas of both eyes (Fig 1); howev- 
er, he had no visual complaints. During the 
final 6 months before his death, he suffered 
from steadily deteriorating edema. On the 
morning of his death, he suddenly com- 
plained of compressed chest pain, lost con- 
sciousness, and died. 

On physical examination 1 month before 
his death the patients blood pressure was 
86/50 mm Hg, and sacral edema was pres- 
ent. Laboratory values were as follows: 
hemoglobin, 80 g/L; red blood cells, 2.62 x 
10°/L; white blood cells, 13.4 x 10°7L; differ- 
ential, normal; platelet count, normal; 
erythrocyte sedimentation rate, 55 mm/h; 
serum protein, 47 g/L; sodium, 187 mmol/L; 
potassium, 5.0 mmol/L; chloride, 106 
mmol/L; glucose, 4.2 mmol/L; serum urea 
nitrogen, 27 mmol/L; creatinine, 490 
umol/L; calcium, 1.00 mmol/L; and inorgan- 
ic phosphorus, 1.95 mmol/L. There was no 
serious change in his electrocardiogram. At 
38 years of age, before renal failure devel- 
oped, his urinary oxalate excretion was 
1830 to 2030 pmol/d (normal, 60 to 110 
pmol/d), while his urinary glyoxylie acid 
excretion was so low that it was not detect- 
able. Hemodialysis was introduced when 
the patient was 42 years of age, and the 
serum level of oxalate decreased from 66.7 
to 33.3 pmol/L (normal, 2 to 4 pmol/L). 
Enzymologic examination of the liver at 
autopsy revealed decreased activities of 
a-ketoglutarate glyoxylate carboligase and 
serine pyruvate transoxylase. 

The patients parents were first cousins. 
His father, elder brother, and sister also 
suffered from back pain due to urolithiasis. 
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Fig 1.—Ocular fundus of the left eye 3 years 
before the patient's death. White dots are 
scattered in the posterior fundus. 


In addition, the bladder stones of his broth- 
er also proved to be oxalate stones. 


Autopsy Findings 


Autopsy revealed a regularly built man 
with anasarea. Pericardial effusion was 
present (60 mL). The left kidney was con- 
tracted, and its surface was granular. The 
cut surface was gritty, and the renal pelvis 
contained many concrements. The liver 
(1410 g), lungs (right, 550 g; left, 440 g), and 
spleen (170 g) were congested. A peptic 
ulcer was observed in the stomach. 


Histopathologic Findings 
in Extraocular Tissues 


Calcium oxalate was found in the lungs, 
stomach, colon, heart, spleen, thyroid 
gland, testes, bones (iliac and lumbar verte- 
brae), and left kidney. When polarized light 
was used the calcium oxalate appeared as 
clusters of yellow birefringent crystals, 
masses in small wedge shapes, sheaves with 
a radial, wheel-like pattern, or mass depos- 
its. Inflammatory cells were not present 
near the crystals. 

The renal tissue had marked fibrous and 
parenchymal atrophy, with massive deposi- 
tions of calcium oxalate. Although there 
have been reports of deposition prominent 
within blood vessel walls, few depositions 
were located in the vicinity of blood vessels 
in this case. 


Histopathologic Findings 
in Ocular Tissues 


The right eye was fixed with 10% buff- 
ered formaldehyde (pH, 7.4) for 24 hours, 
and the left eye was fixed with absolute 
ethanol. The eyes were normal both in size 
and in external appearance. 

No erystal deposits could be found in the 
specimens from the anterior parts of the 
eyes that were fixed with formaldehyde. 
However, a few tiny calcium oxalate crys- 
tals were present in the iris and the con- 
junctiva specimens that were fixed with 
ethanol. There were no calcium oxalate 
erystals in either the ethanol-fixed or form- 
aldehyde-fixed specimens of the cornea or 
the ciliary body. 
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Fig 2.—Calcium oxalate crystals at the edge of the foveola and in the fovea (hematoxylin-eosin, 


original magnification x 25). 





Fig 3.—Calcium oxalate crystals in the optic nerve (arrows, hematoxylin-eosin, original magni- 


fication x 33). 


Many crystalline deposits were seen in 
the sensory retina in the posterior portion 
of each eye (Fig 2), and there were no 
histologic differences between the ethanol- 
fixed and formaldehyde-fixed specimens. 
Most of the crystals were located in the 
outer plexiform layer or the outer nuclear 
layer. In addition, crystalline deposits were 
even found in the retinal pigment epitheli- 
um and choroid. The optic nerve also had 
some deposits (Fig 3). All the deposits were 
made birefringent by polarizing microscopy 
(Fig 4) and then stained black by Yasue's 
silver-rubeanic acid technique (Fig 5).” 


immunohistochemical Findings 


To clarify whether there were crystal- 
line deposits in the blood vessels, sections 


were immunohistochemically stained with 
anti-von Willebrand factor antiserum 
(DAKOPATTS, Glostrup, Denmark) Im- 
munohistochemical stains were performed 
using the avidin-biotin-peroxidase tech- 
nique with Vectastain ABC kits (Vector 
Laboratories, Burlingame, Calif). The en- 
dothelial lining of the capillaries in the 
retina was stained. Although a few deposits 
in the inner nuclear layers and ganglion cell 
layers of the retina were close to the capil- 
laries, most deposits did not neighbor the 
capillaries (Fig 6). 


COMMENT 


The most consistent laboratory find- 
ing in primary hyperoxaluria is the 
increased excretion of urinary oxalate 
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Fig 4.—Caicium oxalate crystals under po- 
larized light (hematoxylin-eosin, original 
magnification x 50). 


in the absence of pyridoxine deficien- 
cy.” Familial primary hyperoxaluria 
was the diagnosis in this case, because 
of the large excretions of oxalate as 
well as glycolic acid and/or glyceric 
acid in the urine, the low activity of a- 
ketoglutarate glyoxylate carboligase in 
hepatic tissue, family history, and the 
absence of any explanation for a cause 
of secondary hyperoxaluria. 

There have been many clinical re- 
ports about the ophthalmic manifesta- 
tions of oxalosis.*“* Some have referred 
to primary and/or hereditary oxa- 
luria, "=" while others referred to sec- 
ondary oxalosis. However, to our 
knowledge, the histologic alterations 
of primary oxaluria have not yet been 
fully examined." Previous reports 
have described crystals found in the 
vascularized layers of the retina but 
not in the outer part of the retina, 
because the oxalate had a tendency to 
accumulate within the vascular walls 
and retinal pigment epithelium." In 
addition, many reports of primary oxa- 
losis have demonstrated that, in or- 
gans other than the eye, oxalate depos- 
its within vascular walls are 
common. 1,5,8,14,22,25,26 

In the present case, most crystals 
oceurred in the sensory retina, espe- 
cially in the outer plexiform layer, 
outer nuclear layer, and the optic 
nerve, while there were few crystals in 
the retinal pigment epithelium. This 
distribution of oxalate deposits seems 
to differ substantially from those in 
previous reports. The funduscopic 
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Fig 5.—The retina, stained with Yasue’s silver-rubeanic acid technique. A calcium oxalate 
deposit visible as a black reaction product appears in the outer plexiform layer (original 


magnification x 25). 





Fig 6.—immunohistochemical examination of the retina with anti-von Willebrand antigen 
antiserum. The capillary endothelial cells are positively stained in the inner nuclear layer of the 
retina (arrows). The deposits in the outer plexiform layer do not neighbor the blood vessels 
(original magnification x 66). 


manifestation of primary oxalosis has 
been characterized mostly by small to 
large black lesions in the macula’ #7 
and partly by a flecked retina.°**""** 
However, in this patient, funduscopic 
examination demonstrated a flecked 
retina without any black maculopathy. 
These funduscopic findings coincided 
with the histopathologic findings. 

To clearly delineate the histopatho- 
logic differences between our case and 
previous reports, we raise the follow- 


ing possibilities. (1) The histopatholog- 
ic differences may be related to the 
different stages of this disease and 
may also be influenced by aging. The 
different distribution of oxalate depos- 
its may also reflect the severity of 
disease. Most patients with this dis- 
ease die of renal deteriorations before 
20 years of age, but this patient was 
far older. (2) The histopathologic dif- 
ferences may depend on racial predis- 
positions. (8) As Chaplin’ hypothe- 
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sized, there may be additional variants 
of primary hyperoxaluria that have not 
been fully characterized.’ (4) Long pe- 
riods of hemodialysis, even when not 
completely effective, may affect the 
sites of crystalline deposits. The in- 
creased serum levels of oxalate may be 
“initially related to deposition in tis- 
sties, especially in vascular walls. 
When the serum oxalate levels come 
down, the deposits of oxalate may dis- 
solve into the serum and disappear. In 
this case, the high plasma oxalate level 
was reduced from 66.7 to 33.3 pmol/L 
by hemodialysis (but it was still high 
compared with the normal serum oxa- 
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late level of 2 to 4 pmol/L). Thus, in 
the present case, hemodialysis may 
have decreased the serum oxalate level 
and caused a change in the sites of the 
oxalate deposits. 

Another unique histologic finding in 
this case was deposition in the optic 
nerve; depositions of oxalate crystals 
in the central nervous system and the 
optic nerve have been thought to be 
rare.*” Recently, some cases of optic 
atrophy in primary hyperoxaluria have 
been reported."” If deposits in the 
optic nerve become bigger and com- 
press the surrounding tissue, the optic 
nerve becomes atrophic. Therefore, 
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Histologic Features of Human Orbicularis 





Oculi Treated With Botulinum A Toxin 


Cheryl P, Harris, MD; Kathy Alderson, MD; Jonathan Nebeker; John B. Holds, MD; Richard L. Anderson, MD 


è To evaluate muscle histologic fea- 
tures in humans following therapeutic 
botulinum toxin injections, we studied 
orbicularis oculi from 11 patients with 
blepharospasm; nine had previously re- 
ceived botulinum toxin injections and 
two had not. All muscles had comparable 
variability in muscle fiber diameter, with 
no necrosis, inflammation, denervation, 
or consistent alterations in muscle fi- 
ber internal architecture. Botulinum tox- 
in- produces no persistent histologic 
changes in human muscle fibers. 

(Arch Ophthalmol. 1991;109:393-395) 


ntramuscular injection of botulinum 

A toxin produces a transient local 
muscle paralysis that persists for sev- 
eral weeks to months. Therapeutic lo- 
cal botulinum-induced paralysis is used 
to treat blepharospasm,’ cranial-cervi- 
cal dystonia,” spasmodic torticollis," 
strabismus,’ and spastic dysphonia.° 

Although terminal motor axon out- 
growth in response to botulinum injec- 
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tion has been evaluated in both ani- 
mals’ and humans,’ botulinum-induced 
alterations in muscle histologic struc- 
ture have been studied only in ani- 
mals™ and a single human.” We com- 
pared muscle histologic features in 
nine patients who had previously re- 
ceived injections of botulinum A toxin 
with those of patients with blepharo- 
spasm not previously treated with bot- 
ulinum A toxin. We found that botuli- 
num A toxin injections induce no 
consistent long-standing alterations in 


human muscle fiber morphologic 
features. 
PATIENTS AND METHODS 
Patients 


The orbicularis oculi were obtained from 
1] patients undergoing myectomy for treat- 
ment of benign essential blepharospasm 
(Table): (1) Nine botulinum-treated pa- 
tients, 35 to 72 years of age, were previous- 
ly treated with two to 18 injections of 
commercially available botulinum A toxin 
(Oculinum, Allergan Pharmaceuticals, Ir- 
vine, Calif). Patients were initially treated 
with 40 U. The dosage was increased in 
patients whose condition became resistant 
to the lower doses. The last injection was 
given 5 weeks to 3 years before myectomy. 
(2) Two untreated patients with benign 
essential blepharospasm, both aged 61 
years, had not received injections of botuli- 
num A toxin before myectomy. No patient 
underwent previous surgical treatments for 
blepharospasm. 





Methods 


Frozen sections from the midportion of the 
upper lid preseptal orbicularis oculi were 
stained with hematoxylin-eosin, modified Go- 
moris trichrome, and the nicotinamide-ade- 
nine  dinucleotide-tetrazdium reductase 
(NADH-tr). Areas of muscle in which all 
fibers were cut in cross-section were photo- 





graphed at a magnification of x 125. The 
diameters of approximately 100 muscle fibers 
in each patient were measured according to- 
the methods described by Engel.” 


Statistical analysis was performed by Stu. 


dents ¢ test. 
RESULTS 


The histochemical features of the 
untreated benign essential blepharo- 
spasm muscles and the botulinum- 
treated muscles were similar (Fig 1). 
Individual muscle fiber fascicles were 
widely separated by loose and fatty 
perimysial connective tissue. Endomy- 
sial connective tissue, which separ- 
ated individual muscle fibers, varied 
throughout each muscle; overall, how- 
ever, endomysial connective tissue 
was most abundant in patients 9 (in- 
jected) and 10 (not injected), least 
abundant in patients 3 and 5, and equal 
in the remaining muscles, ineluding 
patient 11 (not injected). 

The muscle fiber diameter varied 
widely in all specimens (Table). There 
was no significant difference in mean 
fiber diameter between treated and 
untreated muscle, nor relative to the 
number of injections or time since the 
last injection. Although there were 
occasional central nuclei, most nuclei 
were normally dispersed to the periph- 
ery of the muscle fiber. There was no 
muscle fiber necrosis, degeneration, 
regeneration, or inflammation. Muscle 
fibers were predominantly type IT, but 
this predominance was not further 
quantified. No fiber-type grouping was 
determined. Both treated and un- 
treated muscle had rare fibers with 
subsarcolemmal accumulation of baso- 
philic (hematoxylin-eosin) or reddish 
(trichrome) material, as well as occa- 
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Fig 1.—Orbicularis oculus in patient 10 (top), who was not exposed to 
botulinum; patient 9 (middle), who received 18 botulinum A injections; 
and patient 5 (bottom), who received three botulinum A injections. 
Occasional ring fibers are seen in the top and middle portions of the 
figure (nematoxylin-eosin, original magnification = 125). 


sional subsarcolemmal “rings.” 

With the NADH-tr reaction, one 
untreated muscle had central and sub- 
sarcolemmal accumulation of oxidative 
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Fig 2.—Orbicularis oculus in patient 10 (top), who was not exposed to 
botulinum: patient 8 (middle), who received 14 botulinum A injections; 
and patient 4 (bottom), who received three botulinum A injections. In 
the top and middie portions of the figure, the internal “fingerprint” 
pattern is well defined. In patient 4 (bottom), the muscle fiber internal 


architecture is markedly disrupted and contains subsarcolemmal ac- 
cumulations of oxidative enzymes. This was the only patient in whom 
these abnormalities were present. 


enzymes, One treated muscle had 
marked disruption of internal archi- 
tecture, with whorled clumps of 
dark-staining oxidative enzyme, and 


“moth-eaten” fibers. These alterations 
did not appear as “ragged red fibers” 
on the trichrome stain. In addition, 
two treated patients had occasional 
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Duration 


Patient/ Age, y/ Sex of Disease, y 


No. of 
injections 


Time Since 
Last Injection 


Clinical 
Response’ 


Fiber 
Diameter, umt 


Ciumped 
Enzymes 











Botulinum exposure 
1/71/M 


21 mo 


25.2 (9.24) 








2735/F 


7 mo 


25.4 (10.2) 








3/66/F 


35d 


27.8 (9.0) 








4/597F 


10 mo 


28.2 (13.4) 








5/65/M 


3y 


30.5 (10.2) 








8/69/F 


34d 


25.3 (8.7) 








7/63/F 


3 mo 


27.4 (12.2) 








8/72/M 


4mo 


30,0 (12.7) 








9/54/M 


45d 


PII > IE)O;O;+{o)4+ 


26.3 (8.3 





No botulinum exposure 
10/61/F 


26.8 (11.3) 








11/61/F 


25.8.(10.1) 





* For clinical response to botulinum A injection, plus sign indicates continued to respond to low doses of toxin; zero, no response to last injection administered; and 

A, decreased response requiring increased doses of toxin. 
{Muscle fiber diameter values are mean (SD). No significant difference was found between botulinum-treated and untreated patients (Wilcoxon Rank Sum Test). 

'$For: clumped oxidative enzymes, patient 4 had marked disruption of internal architecture; patient 10, less so; and patients 3 and 5, rare clumps. Plus sign indicates 


present; minus sign, absent. 


fibers with small central and peripher- 
al accumulations of oxidative enzymes. 
Most fibers in these two muscles, the 
other five treated muscles, and the 
remaining untreated muscle had nor- 
mal internal myofibrillar architecture 
(Fig 2). 


COMMENT 


Several studies have described the 
histologic appearance of muscles in ani- 
mals after the injection of botulinum A 
toxin. In the monkey medial rectus, 


mitochondria, initially located central- - 


ly, disperse toward the periphery in 
` massive aggregations during the acute 
stages of botulinum-induced paralysis 
(7 to 28 days). By 42 to 56 days, 
however, the morphologic features of 
the muscle fibers returned to normal.’ 
Similarly, in dogs, the cricothyroid 
muscle was normal on histologic ex- 
amination 3 months after injection.’ A 
single human muscle described by 
Wojno et al” showed only minimal 


À 1. Frueh BR, Felt DP, Wojno TH, Museh DC. 
_ Treatment of blepharospasm with botulinum toxin: 
1984; 
102:1464-1468. 

2. Jankovie J, Orman J. Botulinum A toxin for 
eranial-cervical dystonia: a double-blind, placebo- 
controlled study. Neurology. 1987;37:616-623. 

3. Tsui JK, Eisen A, Mak E, Carruthers J, Scott 
A, Caine DB. A pilot study on the use of botulinum 
toxin in spasmodic torticollis. Can J Neurol Sci. 
1985;12:314-316. 

4, Seott AB. Botulinum toxin injection into ex- 
traocular museles as an alternative to. strabismus 
surgery. Ophthalmology. 1980;10: 1044-1049. 

5. Blitzer A, Brin MF, Fahn S . Lovelace RE. 
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degenerative changes after botulinum 
injection. 

In patients in our study, all of whom 
had received botulinum A toxin injec- 
tions more than 34 days before myec- 
tomy, muscle histologic features were 
similar to those of muscles not exposed 
to botulinum A toxin. Although one 
treated muscle had pronounced alter- 
ation in muscle fiber internal architec- 
ture, it is doubtful that the alterations 
are solely a reflection of exposure to 
botulinum A toxin: we could discern no 
relationship to extremes in botulinum 
dose, number of injections, time since 
last injection, age, or duration of dis- 
ease. We do not know if there were 
any delays in tissue processing at oper- 
ation; this may be responsible for some 
of these architectural abnormalities. 
Similar but less pronounced alteration 
in the internal architecture was pres- 
ent in an untreated muscle, and the 
other treated patients had few or no 
abnormalities in internal architecture. 
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Botulinum-Induced Changes in Monkey Eyelid Muscle 


Comparison With Changes Seen in Extraocular Muscle 


John D. Porter, PhD; Sarah Strebeck; Norman F. Capra, PhD 


è Botulin type A was injected into the 
eyelids of adult monkeys, and structural 
alterations in the orbicularis oculi mus- 
cle were evaluated after survival times of 
7 to 84 days. The most profound change 
seen at both the light- and electron-mi- 
croscopic levels was nonselective atro- 
phy of virtually all muscle fibers. More- 
over, the botulin-induced blockade of 
neuromuscular transmission was non- 
specific in producing alterations in the 
three orbicularis fiber types. Muscle 
structural changes appeared to be re- 
versible, with no apparent long-term con- 
sequences. While sprouting of pretermi- 
nal axons was noted in botulin-treated 
muscle, formation of collateral sprouts 


B otulin type A (Oculinum, Oculinum 
Inc, San Francisco, Calif), one of 

seven antigenically distinct neurotox- 
ins of Clostridium botulinum, is used 
clinically for the treatment of strabis- 
mus and several focal dystonias, in- 
cluding essential blepharospasm. Scott 
and coworkers’? were the first to rec- 
ognize the value of the toxin in treat- 
ment of such movement disorders. The 
toxin is a potent presynaptic neuro- 
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did not appear to be widespread. These 
changes contrast with the fiber type- 


specific, long-term alterations induced in 


extraocular muscle by botulin treatment. 
However, this differential response may 
be attributed to the very clear differences 
in fiber type composition and motor con- 
trol mechanisms between eyelid and ex- 
traocular muscle groups. The efficacy of 
botulin treatments for strabismus and 
focal dystonia may then be directly relat- 
ed to both the anatomic fiber type com- 
position and the functional properties of 
motor controli systems of the injected 
muscle. 
{Arch Ophthalmol. 1991;109:396-404) 


muscular blocking agent, producing a 
prolonged, though temporary, paraly- 
sis of the overacting or spastic muscle 
by interfering with calcium-mediated 
neurotransmitter release (for thorough 
reviews of botulin properties, see 
Simpson”). When used in strabismus, 
the clinical effect of toxin extends be- 
yond the period of effective paralysis 
of the overacting muscle. Since the 
extraocular muscles present a unique 
pattern of muscle fiber types’ and are 
relatively resistant to motor denerva- 
tion,” they may exhibit a distinctive 
morphopathological response to botu- 
lin injection. Indeed, Spencer and col- 
leagues“ have shown that the toxin 
does not produce changes that emulate 
typical denervation atrophy but in- 
stead results in selective long-term 
alteration of the orbital layer singly 


innervated muscle fiber type. Given 
the histochemical and morphological 
profile of this particular fiber type 
(high mitochondrial content is indica- 
tive of a functionally fatigue-resistant 
fiber), it is likely that it is continuously 
active in the maintenance of eye posi- 
tion.” Botulin-induced alteration in the 
strength of this motor unit type then 
could affect the desired static eye posi- 
tion as a consequence of changing the 
length-tension properties of antagonis- 
tic muscles. 

In contrast to strabismus, blepharo- 
spasm is not a positional disorder but 
rather is characterized by intermit- 
tent spasm of the eyelid-closing mus- 
cle, the orbicularis oculi. Before the 
introduction of botulin therapy, clini- 
cal treatments for blepharospasm in- 
cluded systemic medications (benzodi- 
azepines, muscle relaxants, antiparkin- 
sonian drugs, anticholinergics, etc), 
motor nerve transection, and myec- 
tomy.*" The variable results and side 
effects of these procedures led to the 
use of botulin as the principal means of 
management of blepharospasm. With 
the toxin, the duration of the clinical 
relief of muscle spasm is dose-depen- 
dent, and patients typically require 
periodic reinjection. While the mor- 
phological basis for the efficacy of 
botulin in treatment of blepharospasm 
is not yet clear, striking differences in 
the fiber type composition of the orbi- 
cularis muscle vs the extraocular mus- 
cles,” as well as the necessity for 
repeated injection of these patients, 
suggest that the sequelae of toxin pa- 
ralysis in lid muscle disorders may be 
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Fig 1.—Phase-contrast light photomicrographs of muscle fibers in orbicularis oculi muscles. Top left. Normal orbicularis contains skeletal muscle type 
|, IIA, and IIB fibers. Open arrow indicates acetylcholinesterase-labeled neuromuscular junction. The capillary network (c) is sparse. Top right, At 28 
days after botulin treatment. all muscle fibers exhibited severe atrophy (arrows indicate type | fibers). Note the prominent nucleoli in many fibers. 
Bottom left, By 63 days after toxin injection, muscle fiber size has recovered but is less than that of controls (arrows indicate type | fibers). Bottom right, 
Multiple toxin injections timed to denervate the muscle for 84 days produced a wider range of effects. While most fibers showed denervation atrophy 
that was apparently reversible, some fibers (f) degenerated and were invaded by macrophages. In all cases, myelinated axon profiles (ax) appeared 
normal (p-phenylenediamine, original magnification x 602). 

















different from those seen in 
strabismus. 

To provide a better understanding of 
the morphological basis for clinical 
treatment of blepharospasm with neu- 
romuscular blocking agents, the pre- 
sent study examined the structural 
alterations induced in primate orbicu- 
laris oculi muscle by eyelid injections 
of botulin type A. In contrast to re- 
sults seen for the extraocular muscles, 
botulin injections caused severe but 
reversible atrophy of all orbicularis 
muscle fiber types.eThe apparent ab- 
sence of permanent botulin-induced 
changes in the orbicularis oculi corre- 
lates with the need for repeated injec- 
tion of patients with blepharospasm. 
Taken together with earlier findings 
regarding the extraocular muscles, 
these results strongly suggest that the 
efficacy of botulin treatments in neuro- 
muscular disorders is dependent not 
only on the type of disorder but also on 
the properties of the affected muscle 
and the motor control systems for the 
muscle. Preliminary results have 
been presented in abstract form else- 
where.” 


MATERIALS AND METHODS 


Five young adult cynomolgus monkeys 
(Macaca fascicularis, weighing 3 te 4 kg) 
received either unilateral (four animals) or 
bilateral (one animal) subcutaneous injec- 
tions of the eyelid with botulin type A (lot 
79-11, Oculinum Ine). Monkeys were sedat- 
ed with ketamine hydrochloride and re- 
ceived toxin injections via a tuberculin sy- 
ringe equipped with a 28-gauge needle. 
Upper eyelids received two injections of 2.5 
U each (consistent with clinical procedures,” 
injections were placed at medial and lateral 
margins of the eyelid), while the lower 
eyelids received a single 2.5-U injection 
(placed at the center of the eyelid). The 
duration of botulin-induced paresis is dose- 
dependent; at this dose, visible loss of orbi- 
cularis contraction persisted for approxi- 
mately 30 days. Blinks recovered to a 
qualitatively normal state in the monkey 
that survived 63 days. Monkeys were killed 
following survival times of 7, 14, 19, 28, and 
63 days. To assess the maximal morpho- 
pathological effects of botulin treatment, an 
additional monkey received repeated unilat- 
eral injections of toxin over an 84-day peri- 
od (reinjection was performed at the earli- 
est sign of functional recovery of blink; 
injections were given on days 1, 29, 55, and 
69, with death on day 84). All procedures 
conformed to the NIH Guide for the Care 
and Use of Laboratory Animals. 

Monkeys were killed and tissue was pro- 
cessed for light and electron microscopy 
following procedures deseribed in detail 
previously."” Briefly, monkeys received a 
lethal dose of pentobarbital sodium and 
were perfused transcardially with physio- 
logical saline solution followed by 3000 mL 
of fixative containing 1% paraformaldehyde 
and 1.25% glutaraldehyde in 0.1-mol/L 
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phosphate buffer (pH 7.4). The eyelids were 
removed, immersed in fixative containing 
4% glutaraldehyde in 0.1-mol/L phosphate 
buffer for 4 to 7 hours, washed overnight in 
0.1-mol/L phosphate buffer, and processed 
for the histochemical demonstration of ace- 
tylcholinesterase." Eyelid sections were 
then postfixed in 1% osmium tetroxide, 
stained en bloc with uranyl acetate, dehy- 
drated in graded methanols and propylene 
oxide, and embedded in epoxy resin. Se- 
mithin sections were cut with an ultrami- 
crotome, stained with toluidine blue or 
p-phenylenediamine, and examined with 
bright-field or phase-contrast microscopy. 
Ultrathin sections were cut with the ultra- 
microtome using a diamond knife, picked up 
on 135 mesh honeycomb grids, stained with 
uranyl acetate-lead citrate, and examined 
and photographed with an electron micro- 
scope. 

Contralateral, uninjected orbicularis 
muscles provided intra-animal controls. To 
account for potential systemic effects of the 
toxin,” data from naive control monkeys 
(not receiving botulin injections) were ob- 
tained from a previous study.” 


RESULTS 


Normal Orbicularis Oculi 
Muscle Structure 


The primate orbicularis oculi muscle 
is a thin, sphincterlike muscle sheet 
contained within the connective tissue 
of the eyelid proper (palpebral seg- 
ment) and the surrounding periorbital 
region (orbital segment). This muscle 
exhibits traditional type I, IIA, and 
IIB muscle fibers (Fig 1, top left), with 
type II predominance (90% type II vs 
10% type I; for complete fiber type 
descriptions, see Porter et al”). This 
muscle fiber composition, which re- 
flects a physiologically fast mode of 
contraction but rather low resistance 
to fatigue, correlates well with the 
functional role of the orbicularis oculi. 
The muscle is only phasically active in 
blinks and has not been reported to 
participate in coordinated eye-eyelid 
movements.*” Consistent with these 
functional properties, the microvascu- 
lar network associated with the orbicu- 
laris oculi was sparse. Motor nerve 
terminals were distributed at random, 
with no apparent clustering within a 
particular portion of the muscle. Neu- 
romuscular junctions of type I fibers 
lay on the sarcolemmic surface or in 
small depressions of the surface and 
exhibited few, shallow, postjunctional 
folds. By contrast, neuromuscular syn- 
aptic contacts of type II fibers were 
deeply embedded in depressions of the 
sarcolemma, and numerous postjunc- 
tional folds were evident. Acetylcho- 
linesterase reaction product was large- 
ly restricted to the nerve-muscle 
contact zone and postjunctional folds. 





Muscle Changes Subsequent 
to Botulin injection 


Injection of the monkey eyelid with 
botulin type A produced a loss of spon- 
taneous and reflexive blink movements 
that developed within 26 hours. Eyelid 
paresis persisted for at least 30 days. 
In two monkeys, ptosis also developed, 
indicative of spread of toxin from injec- 
tion site to involve the levator palpe- 
brae superioris muscle. The toxin pro- 
duced no obvious systemic effects 
(monkey median lethal dose is estimat- 
ed at 39 U/kg of body weight”). 

Subsequent to botulin injection of 
the eyelid, orbicularis oculi muscles 
exhibited the progressive atrophy of 
virtually all fibers, typifying the re- 
sponse of most skeletal muscles to 
motor denervation (Fig 1).”" Tissue 
blocks were taken from all regions of 
the muscle, with no apparent differen- 
tial response related to distance from 
toxin injection site. For survival times 
of 7 to 28 days, qualitative assessment 
of fiber size indicated progressive re- 
duction for all types. Central nuclei, 
generally thought to represent a 
pathological response, were observed 
as early as 28 days. There was no 
obvious alteration of the muscle vascu- 
lar bed correlated with the fiber disuse 
atrophy. By 63 days after injection, 
significant recovery of fiber size was 
observed, although fibers still re- 
mained smaller than in controls. 

Clear evidence that myofilament loss 
was the mechanism for fiber size reduc- 
tion was noted at the ultrastructural 
level. Mildly affected fibers exhibited 
infoldings of the sarcolemma, indicative 
of myofilament loss. Such effects were 
already present at 7 days, the earliest 
time examined. More severely affected 
fibers exhibited clear evidence of rejec- 
tion of degenerating muscle fragments 
by a longitudinal fiber-splitting process 
(Fig 2, top left and right); quiescent 
satellite cells often appeared to partici- 
pate in fiber fragmentation (Fig 2, top 
left). In fibers undergoing longitudinal 
splitting, the Golgi apparatus was par- 
ticularly active in the vicinity of cleav- 
age planes, suggesting elevated mem- 
brane synthesis. A large number of 
vesicles were observed budding off the 
trans (ie, maturing) face of the Golgi 
apparatus and moving toward and fus- 
ing with the sarcolemma at these sites. 
Rejected fragments contained only 
small bundles of myofilaments and de- 
generating mitochondria and internal 
membrane systems. 

In contrast to the pattern of struc- 
tural alterations seen for the extraocu- 
lar muscles, there was little differen- 
tial effect on the three orbicularis 


Botulinum and Lid Muscle — Porter et al 


sae 
Tete, 
Semen 





Fig 2.— Electron photomicrographs of orbicularis oculi muscle fibers after injection of botulin. Top left and right, Rejection of degenerating muscle 
fiber fragments (rf) was not an uncommon finding in botulin-treated muscles. in some cases (top left, 28-day survival), satellite cells (sc) 
appeared to contribute to the fragmentation process by moving between the fragment and parent fibers. More severe cases (top right, 63-days 
survival) showed fragments in various stages, from cleavage from parent fiber (arrowheads) to degeneration (rf). mn indicates muscle nuclei. 
Bottom, Subsarcolemmic tubular aggregates (arrows) were a common feature of botulin-treated muscle. The integrity of myofilaments in A and | 


bands and Z lines shows little change in this photomicrograph, and mitochondria (m) appear normal (original magnifications: top left, x 5200; top 
right, x 9100; bottom, x 22 000). 
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Fig 3.—Electron photomicrographs of degenerative and regenerative changes in botulin-treated orbicularis oculi muscles. Top left 
and right, In the case receiving multiple toxin injections, some fibers were severely vacuolated (v), while others showed myoblasts 
(mb) or activated satellite cells within the same basal lamina. mn indicates muscle nuclei. Bottom, Consistent with findings at the light 
microscopic level, at 63 days, both type | and |! fibers exhibited normal structural characteristics (original magnifications: top left, 
x 4550; top right, x 6500; bottom, x 3600). 
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Fig 4.—- Electron photomicrographs of neuromuscular junctions associated with normal and botulin-treated orbicularis oculi 
type li muscle fibers. Left, Normal nerve terminals (s), overlaid by a Schwann cell (Sch), are rounded, are embedded in 
depressions of the sarcolemma, and exhibit significant postjunctional folds (arrowheads). Right. At 28 days after toxin 
treatment. junctions with elongated synaptic contacts (s), which lay on the fiber surface with few or no postjunctional folds, 
were interpreted as the result of preterminal axon (ax) sprouting (original magnifications: left, x 10 700; right, x 17 000). 


muscle fiber types. During the acute 
stages of botulin paralysis (days 7 to 
28), morphopathological changes in 
subcellular organelles, including myofi- 
bril disruption, dense body formation, 
and lysosome accumulation, were not- 
ed, irrespective of fiber type. Within 
individual muscle fibers, there was no 
apparent reorganization in mitochon- 
drial distribution or reduction in total 
number (Figs 2 and 3). Also during the 
acute stage of paresis, myonuclei were 
swollen and contained prominent nu- 
cleoli (Fig 1, top right). Occasional 
fibers exhibited breaks in the sarco- 
lemma and dissolution of myofilaments 
in the adjacent subsarcolemmic region. 
At 14 days and at subsequent survival 
times, subsarcolemmic tubular aggre- 
gates were an obvious feature of type 
II fibers (Fig 2, bottom). Aggregates 
consisted of parallel tubule clusters of 
sarcoplasmic reticulum origin, ™™ typi- 
cally oriented along the long axis of the 
myofiber. 

For the survival periods examined in 
this study, there was no evidence that 
botulin caused degenerative changes in 
either intramuscular axons or ele- 
ments of the neuromuscular junction. 
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Both presynaptic and postsynaptic 
junctional components retained their 
characteristic close apposition and 
normal organelle content. Moreover, 
there was no qualitative change in the 
distribution of acetylcholinesterase at 
original neuromuscular junctions. Evi- 
dence of preterminal axon sprouting 
was seen at the ultrastructural level 
for survival times of 28 days or longer 
but did not appear to be a major 
feature of botulin-treated orbicularis 
muscles. An increase in diameter of 
preterminal axons and the presence of 
many small axonal profiles in the vicin- 
ity of the junction were suggestive of 
sprouting. Presumptive newly formed 
synaptic contacts associated with type 
TI fibers conspicuously lacked the post- 
junctional synaptic folds that typify 
this fiber type and, rather than lying in 
distinct depressions of the sarcolem- 
ma, often were found on the surface of 
the fiber (Fig 4). Moreover, putative 
new terminals were elongated in shape 
and not rounded like those of control 
material. Evidence of sprouting was 
more difficult to discern at those neu- 
romuscular junctions associated with 
type I fibers, since the normal junc- 


tions exhibit fewer postjunctional folds 
and lie more on the fiber surface.” 

At the behavioral level, the monkey 
surviving 63 days exhibited virtually 
complete recovery of blink. Morpho- 
logically, while fiber size remained be- 
low that of controls, there was a trend 
toward restoration of fiber size (Fig 1). 
The ultrastructural appearance of both 
type I and H fibers was, with few 
exceptions, unremarkable (Fig 3, bot- 
tom). Few central nuclei were noted at 
this time, swelling of myonuclei was 
reduced, and nucleoli were no longer a 
prominent feature. 

Multiple injections of botulin into 
the orbicularis muscle designed to 
prolong the paralytic period over 3 
months resulted in morphopathological 
changes that were not particularly 
more severe than those seen in mon- 
keys that received single injections. 
Although there was greater variability 
in fiber size (Fig 1, bottom right), fiber 
eytoarchitecture was similar to that 


seen in the single-injection cases. 
While mild myofilament disruption 


was clearly evident, as in the single- 
injection cases, the general fibrillar 
organization was maintained. Degen- 
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Fig 5.—Light (left) and electron (right) photomicrographs of alterations in the palpebral conjunctiva 14 days after botulin 


injection of the eyelid. Note pockets of inflammatory cells within the-epithelium proper (arrow). These ceils exhibited the 
characteristic multilobed nuclei (n) of neutrophils (original magnifications: left, x 300; right, x 5800). 


erating fibers (Fig 1, bottom right), 
often associated with macrophages, 
were a unique, although infrequent, 
feature of this case. Some fibers exhib- 
ited severe vacuolization (Fig 3, top 
left). Activated satellite cells and myo- 
blasts were a prominent feature only 
when the orbicularis remained dener- 
vated for a prolonged period (most 
commonly found in the monkey surviv- 
ing 84 days). It is well established that 
quiescent satellite cells are activated 
and then give rise to myoblasts in 
regenerating muscle. This process pro- 
vides for both the repair of damaged 
fibers and de novo formation of new 
muscle fibers. When present, activat- 
ed satellite cells were associated with 
presumptive regenerating muscle fi- 
bers, lying within the fibers basal 
lamina (Fig 3, top right). 


Other Alterations of the Eyelid 


The onset of orbicularis oculi muscle 
paralysis was accompanied by rapid 
changes in the conjunctival epithelium. 
Intraepithelial blebs, containing mono- 
nuclear cells (predominantly neutro- 
phils), were observed within the pseu- 
dostratified epithelium throughout the 
paralytic period (Fig 5). It is likely 
that this inflammatory response was 
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secondary to eyelid paresis, with the 
absence of blink leading te inadequate 
spread of tears at the interface be- 
tween cornea and conjunctiva and a 
subsequent reaction in the sensitive 
conjunctival epithelium. indeed, dry 
eye is a frequent side effect of patients 
with blepharospasm treated with botu- 
lin.” No obvious changes were noted in 
any of the glandular eleraents of the 
eyelid. 


COMMENT 


Essential blepharospasm apparently 
arises as a result of a central neurologi- 
cal disorder and is manifested as spas- 
modic contraction of the orbicularis 
oculi muscle. Such eyelid spasm often 
results in debilitating reduction of vi- 
sion and visuomotor activities. This 
study describes the morphological con- 
sequences of eyelid injection of botulin 
type A, an agent in clinica: use for the 
treatment of blepharospasm. Injection 
of botulin into the monkey eyelid 
caused reversible atrophy of virtually 
all fibers in the orbicularis oculi mus- 
cle. Fiber size was significantly re- 
duced during the paralytie period and 
recovered following reestablishment of 
neuromuscular transmission. These re- 
sults are consistent with a-disuse atro- 


phy of all muscle fiber types precipitat- 
ed by botulin blockade of cholinergic 
synaptic function. Moreover, the botu- 
lin-induced paresis was (1) nonspecific 
in terms of morphological alterations 
induced in different orbicularis fi- 
ber types and (2) apparently complete- 
ly reversible, with no long-standing 
changes in fiber architecture. Evi- 
dence of muscle fiber loss was seen 
only when multiple toxin injections 
were used to extend the paretic peri- 
od. Even in this case, the number of 
fibers undergoing phagocytosis was 
small. It is clear that further structur- 
al-functional studies are needed to un- 
derstand the long-term effects of the 
multiple botulin injections utilized in 
the clinical treatment of blepharo- 
spasm, 

Longitudinal fiber splitting was a 
significant factor in botulin-treated 
muscles. Although it is debatable 
whether fiber splitting represents a 
regenerative or degenerative phenom- 
enon, in this case the fiber fragmenta- 
tion does not appear to be a means for 
muscle regeneration, as the fragments 
that split off exhibit clear evidence of 
degeneration. Rejection of degenerat- 
ing fragments has been observed in a 
variety of neuromuscular disorders 
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and is thought to represent a mecha- 
nism for the survival of the parent 
fiber.** Present findings of elevated 
lysosomal content in botulin-treated 
muscle correlate with the potential for 
-- toxin induction of some lysosomal en- 
zymes (eg, cathepsin D) for myofila- 
ment degradation.” Similarly, elevated 
lysosomal content also was observed in 
botulin-treated extraocular muscles.’ 
Since the proteolytic enzyme cathepsin 
D is rapidly upregulated in botulin- 
treated muscles,” it is not surprising 
that myofilament alterations are seen 
as early as 7 days. The presence of 
subsarcolemmic tubular aggregates in 
type II fibers following botulin treat- 
ment is thought to be indicative of 
increased intracellular free calcium 
concentration” and is a finding com- 
mon to both extraocular and eyelid 
< musele. Since the toxin produces aber- 
rant miniature end-plate potentials at 
the neuromuscular junction,” the in- 
duction of tubular aggregates may re- 
sult from an abnormally high level of 
postsynaptic events, with a concomi- 
tant calcium overload of type II fibers. 
Aggregate formation would then serve 
as a compensatory mechanism to de- 
crease the intracellular free calcium 
level. 

Present results are comparable with 
earlier studies regarding the effects of 
botulin on limb musculature*” in that 
muscle atrophy of all fiber types was 
the most profound alteration. Muscles 
composed of predominantly slow fi- 
bers (soleus) exhibited earlier atrophic 
changes and faster recovery than 
“fast” muscles (gastrocnemius). More- 
over, botulin has been shown to pro- 
duce differential changes in muscle fi- 
ber oxidative enzyme activity, with 
more rapid onset of recovery in those 
muscles that were primarily slow.” 
Duchen®*” suggested that these results 
are related to an earlier onset of pre- 
terminal sprouting in slow muscula- 
ture. Thus, disuse-related sprouting 
presumably occurs faster in those mus- 
cles that normally exert high sustained 
activity. This conclusion, however, has 
yet to be validated with experiment- 
al data. Recovery via preterminal 
sprouting is only marginally faster in 
slow muscles when denervation is ac- 
complished by nerve transection in- 
stead of by pharmacological blockade 
of transmission.” 

Our results regarding the pattern of 
changes at orbicularis neuromuscular 
junctions suggest that the issue of the 
mechanism for functional recovery 
from botulin remains unresolved. To 
what degree is postparalytie recovery 
related to the formation of new neuro- 
muscular junctions vs reestablishment 
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of function at the original synaptic 
sites? While orbicularis muscles treat- 
ed with botulin, like other skeletal 
muscles,*** exhibited evidence of pre- 
terminal collateral sprouts, evidence of 
sprout formation was not easily dis- 
cerned at the ultrastructural level. 
More significant was the general lack 
of degenerative changes in the original 
neuromuscular junctions. The lack of 
widespread structural evidence for re- 
traction and elimination of poisoned 
junctions suggests that return of fune- 
tion at poisoned synaptic sites may be 
possible. Botulin-treated muscles like- 
ly are receptive to new synaptic termi- 
nals, as botulin-induced paralysis is 
sufficient to trigger expression of mus- 
cle cell surface factors (eg, neural cell 
adhesion molecule) that are known to 
parallel the potential of the fiber to 
accept innervation.” Perhaps the re- 
lative contributions of preterminal 
sprouting and return of function at 
poisoned junctions are toxin dose-de- 
pendent, with sprouting becoming 
more of a factor in paresis of longer 
duration. Extension of the paretic pe- 
riod beyond that of the present study, 
via larger initial toxin dosage, may 
then reveal more significant pretermi- 
nal sprouting (the adaptive nature of 
such sprouting may still be in ques- 
tion®). It is important to understand 
the structural and molecular basis for 
recovery at the neuromuscular junc- 
tion to gain insight into how the clinical 
use of cholinergic blocking agents, 
such as botulin type A, may be 
improved. 

Present findings contrast with 
those seen subsequent to treatment of 
the extraocular muscles with botulin 
type A. While the orbicularis presents 
nonspecific, reversible alterations, 
the toxin induces specific long-term 
changes in one extraocular muscle fi- 
ber type. Moreover, the generalized 
disuse atrophy is not seen in the extra- 
ocular muscles.”* The basis for this 
difference may be attributed to funda- 
mental differences between oculomo- 
tor and blink systems in regard to both 
muscle structure and motor system 
organization. The extraocular muscles 
exhibit a unique fiber type composition 
that is unlike that of the orbicularis 
oculi or any other skeletal muscles.°” 
As a result, the extraocular muscles 
may respond to naturally occurring or 
experimentally induced insights in 
an unusual manner.” Spencer and 
McNeer’ have demonstrated that the 
toxin produces long-term reduction of 
the cross-sectional area of the orbital 
singly innervated fiber type. Given the 
morphological characteristics of this 
particular fiber type, which suggest 


that it is recruited early in eye move- 
ments and is active over much of the 
oculomotor range, it is not surprising 
that its impairment results in static 
eye position change.”” Eyelid muscula- 


ture, by contrast, exhibits typical skel- a 


etal muscle fiber types,” a more gener- 
alized and precipitous decline following 
toxin injection, and no apparent long- 
term response to temporary denerva- 
tion (present findings). In addition, 
treatment of an overacting extraocular 
muscle with botulin may realign the 
eyes and establish a binocular visual 
state. Visual information may be used 
in the adaptive control of oculomotor 
subsystems, in this case serving to 
override postparalytic muscle recovery 
and maintain interocular alignment. It 
is likely that complete recovery of 
muscle length-tension relationships, 
which would restore ocular deviation 
and eliminate the newfound binocular 
state, is compensated for by corre- 
sponding reductions in oculomotor mo- 
toneuron output Ge, gain). By con- 
trast, blepharospasm is a spastic, 
rather than a toxic, positional disor- 
der. While the capacity for adaptive 
regulation of eyelid movements is 
well established,” blink system gain 
would have to be reduced to zero to 
compensate for the postparalytic re- 
turn of muscle spasm. 

These data suggest reasons why a 
single injection of botulin may be effec- 
tive in treatment of strabismus, but 
continued injection regimens are re- 
quired in blepharospasm. Presumably, 
the long-term botulin-induced reorga- 
nization seen in the extraocular mus- 
cles’ leads to a corresponding reduc- 
tion in sustained muscle force. As the 
acute phase of muscle paresis ends, 
oculomotor adaptive mechanisms may 
then act to maintain the newfound 
binocular state. In simple terms, the 
gain of oculomotor control systems 
must be reduced as function is restored 
by the formation of new neuromuscu- 
lar junctions, by recovery of poisoned 
ones, or by a combination of the two 
mechanisms. By contrast, clinical res- 
toration of blepharospasm apparently 
is dependent on the reversible, short- 
term paretic action of the toxin and 
does not involve any such permanent 
muscle (or motor system) reorganiza- 
tion. Even when multiple toxin injec- 
tions were used to extend the paretic 
period, there appeared to be little, if 
any, reduction in the number of mus- 
cle fibers. Thus, once neuromuscular 
transmission is reestablished, the focal 
dystonia returns. Present findings 
suggest that orbicularis oculi muscle 
structure ultimately recovers. Further 
efforts to improve treatments for ble- 
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pharospasm then must focus either on 
resolution of the central neurological 
disorder, an approach that hag had 
limited success thus far, or on im- 
proved means to interfere with func- 
tion at or structural integrity of the 
neuromuscular junction. If it can be 
established that sprouting of pretermi- 
nal axons is responsible for functional 
recovery of botulin-treated muscles, it 
may be possible to increase the dura- 
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tion of toxin action using agents that 
interfere with sprout formation.** It 
is clear the proposed use of neuromus- 
cular blocking agents in movement dis- 
orders must take into account the ana- 
tomical and functional properties of the 
particular motor subsystem to be 
treated, for it is these properties that 
may determine both the efficacy of 
single toxin injections and the need for 
subsequent reinjection. 
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Inhibition of Intraocular Fibrin Formation Following Infusion 
of Low-Molecular-Weight Heparin During Vitrectomy 


Deborah A. Iverson, MD; Hiroshi Katsura, MD; Michael K. Hartzer, PhD; Mark S. Blumenkranz, MD 


e We studied the inhibition of intra- 
ocular fibrin formation following infusion 
of 5 IU/mL. of low-molecular-weight hepa- 
rin sodium (Fragmin, KabiVitrum AB, 
Stockholm, Sweden) during lensectomy, 
vitrectomy, and retinotomy in the rab- 
bit model. Surgery was performed on 18 
eyes, with nine receiving low-molecular- 

“weight heparin and nine serving as 

controls. Masked postoperative exam- 
inations. assessed fibrin quantity, corne- 
al clarity, media clarity, and amount 
of vitreous hemorrhage. Five (56%) 
of nine eyes receiving low-molecular- 
weight heparin did not show fibrin exu- 
dation development, with the remainder 
demonstrating a minimal fibrin response. 
Eight (89%) of nine control eyes demon- 
strated prominent fibrin exudation, with 
five (56%) showing development of a 
fibrin. clot that obscured two or more 
quadrants of the posterior chamber. No 
significant difference in the degree of 
vitreous hemorrhage was noted between 
groups. Corneal clarity was improved in 
the heparin-treated group. 

Arch Ophthalmol. 1991;109:405-409) 


itrectomy and related vitreoretinal 

procedures can be complicated by 
postoperative intraocular fibrin forma- 
tion.’ This fibrinoid response tends to 
be more pronounced following vitrec- 
tomy in eyes with preexisting in- 
creased vascular permeability such as 
endophthalmitis, proliferative diabetic 
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retinopathy, and proliferative vitreo- 
retinopathy.’ Fibrin is the end product 
of the blood coagulation cascade and is 
formed by the conversion of fibrinogen 
to fibrin by thrombin.” Surgical ma- 
nipulation creates direct tissue injury 
and blood-ocular barrier disruption, 
initiating this sequence of biochemical 
reactions. In the immediate postopera- 
tive period, intraocular fibrin often 
makes visualization and manipulation 
difficult. Persistent intraocular fibrin 
also can provide a scaffold for cellular 
attachment and subsequent prolifera- 
tion.’ Cellular infiltration of the fibrin 
clot is followed by the synthesis of 
extracellular matrix and maturation of 
contractile deforming scar tissue. Once 
fibrin has formed, present therapeutic 
options include pharmacologic stabili- 
zation of the blood-ocular barrier with 
corticosteroids or nonsteroidal anti-in- 
flammatory drugs to prevent further 
coagulation. Direct fibrinolysis can 
also be achieved with intraocular ad- 
ministration of tissue plasminogen ac- 
tivator.. Although effective, these 
methods are associated with complica- 
tions, and decreasing or preventing 
fibrin production by pharmacologically 
interrupting the coagulation cascade at 
an earlier step seems to be a more 
logical option. 

Native heparin is a long-chain gly- 
cosaminoglycan consisting of alter- 
nating N-acetylglucosamine and gluc- 
uronic acid residues. Multiple steps in 
biosynthesis produce heparin that is 
heterogeneous in chemical structure 
and molecular weight (mol wt). The 
average molecular weight of native 
heparin is 12 000 d but can range from 
6000 to 25 000 d.° Binding of heparin to 
antithrombin III is fundamental to the 
anticoagulant effect of heparin. Hepa- 


rin dramatically accelerates the rate of 
thrombin inactivation by binding to 
antithrombin HI, altering its confor- 
mation and promoting the formation of 
a thrombin-antithrombin HI complex. 
Studies indicate that a pentasaccharide 
sequence contains the antithrombin HI 


binding site and that there is a single = 


site per heparin molecule. Approxi- 
mately 30% of the molecules in com- 
mercial heparin preparations contain 
antithrombin HI binding. activity."* 
Native heparin- also accelerates the 


inhibition of factor Xa by antithrombin 


III, which has the net effect of reduc- 
ing thrombin activation. The ‘remain-. 
ing 70% of native heparin has minimal 
antithrombin IIT affinity and, there- 
fore, a less pronounced anticoagulant 
effect. This subfraction can, however, 
bind heparin cofactor II, which is an 
inhibitor of thrombin in plasma.’ 
Native heparin can be fragmented 
and fractionated into low-molecular- 
weight (LMW) derivatives by a vari- 


ety of methods.“”" Heparin deriva- <=. 


tives with a molecular weight less than 
5000 d retain the ability to catalyze 
factor Xa degradation but do not affect 
thrombin activity or prolong the acti- 
vated partial thromboplastin time of 
plasma, a test for the survival time of 
thrombin in plasma. Derivatives with a 
molecular weight greater than 5000 d - 
are capable of catalyzing thrombin in- 
activation, indicating that a larger hep- 
arin molecule is necessary to form an 
effective heparin-thrombin-antithrom- 
bin III complex.*®" The primary an- 
tithrombotiec effect of all heparin moi- 
eties has been shown to depend on the 
effective catalysis of thrombin inhibi- 
tion, either by antithrombin III or 
heparin cofactor II, and, therefore, 
depends on molecular weight.” 
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Low-molecular-weight heparins are 
thought to produce less hemorrhage 
than native preparations when used 
in equal antithrombotic concentra- 
tions.™™ =" Although speculative, this 
property is attributed to the reduced 
ability of LMW fractions to inhibit 
platelet function.” Animal and human 
studies using native heparin as an in- 
traocular infusion demonstrated a re- 
duction of fibrin exudation, although 
this benefit was offset by increased 
bleeding during actual clinical applica- 
tion.""" Theoretically, LMW heparins 
should be as effective in fibrin prophy- 
laxis as the parent molecule but with- 
out the accompanying hemorrhagic 
complications. This study was per- 
formed to evaluate this hypothesis in 
the rabbit model following lensectomy, 
vitrectomy, retinotomy, and air in- 
jection. 


MATERIALS AND METHODS 


Eighteen New Zealand albino rabbits 
weighing 1.5 to 2.5 kg were anesthetized by 
intramuscular injection of ketamine hydro- 
chloride (50 mg/kg) and xylazine hydrochlo- 
ride (10 mg/kg). Right eyes were adminis- 
tered 10% phenylephrine hydrochloride, 
2% eyclopentolate hydrochloride (Cyclogy)), 
and 1% atropine sulfate solutions to achieve 
pupillary dilation. 

The rabbits were placed left side down on 
an operating table and secured. Excess 
periocular hair was removed with scissors 
or displaced away from the operative field 

_ with ophthalmic antibiotic ointment. Two 
conjunctival limbal incisions were made be- 
tween recti muscles, 160° apart, exposing 
1.5 mm of bare sclera. A 19-gauge microvit- 
reoretinal blade was used to make two 
selerotomies in these areas, 1.0 mm posteri- 
or to the limbus. The blade was advanced 
into the nucleus of the lens. 

Intraocular fluid in nine control eyes con- 
sisting of balanced salt solution with 8 mg/L 
of gentamicin sulfate was infused through a 
19-gauge needle placed through the nasal 
sclerotomy. Nine experimental eyes re- 
ceived an identical infusate with the addi- 
tion of 5 IU/mL of LMW heparin sodium 
(Fragmin; KabiVitrum, Stockholm, Swe- 
den; mol wt, 4000 to 6000 d). 

Lensectomies were performed by frag- 

“mentation. Complete vitrectomies were 


E performed with a side-cutting vitrectomy 


probe. Vitreous visualization was facilitated 


- by intraocular injection of 5% fluorescein 


sodium. Following removal of all accessible 
vitreous gel, a i-mm incision was made 
through posterior avascular retina with the 
‘19-gauge microvitreoretinal blade in an ef- 
fort to create minimal choroidal injury and 
bleeding. Active suction over the retino- 
tomy was performed until all intraocular 
bleeding had ceased. 

Sclerotomies were closed with 7-0 polyga- 
lactin (Vicryl) suture. An air bubble, occu- 
pying 10% to 20% of the intraocular cavity, 
was injected through the limbus to reap- 
proximate preoperative intraocular volume 
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and pressure. Twenty milligrams of genta- 
micin sulfate was injected into the subcon- 
junctival space, and ophthalmic antibiotic 
ointment was placed on the cornea. Daily 
topical ophthalmic antibiotic and 1% atro- 
pine sulfate solutions were administered 
for the first 7 postoperative days. 

Postoperative examinations with the op- 
erating microscope, slit lamp, and indirect 
ophthalmoscope were performed by masked 
observers on all rabbits following intramus- 
cular ketamine hydrochloride sedation and 
pharmacologic pupillary dilation. Nine con- 
trol eyes and nine experimental eyes were 
examined on postoperative days 1 through 
3, 5, and 6. Six control rabbits and six 
experimental rabbits were retained for 
long-term follow-up. These eyes were ex- 
amined at weekly intervals through the 
fifth postoperative week. 

Formed fibrin was localized and quanti- 
tated by examination with the operating 
microscope and slit lamp. Discernible fibrin 
clots formed in the space previously oceu- 
pied by the lens, attaching to the posterior 
iris. Following pharmacologic pupillary di- 
lation, the quantity of fibrin could be ap- 
proximated in circumferential degrees of 
posterior chamber involvement. 

Corneal examinations were performed 
using slit-lamp ophthalmoscopy. Corneal 
clarity was graded from 0 to 3. with 0 
representing preoperative corneal clarity 
and 3 denoting severe corneal stromal or 
epithelial haze preventing visualization of 
the posterior pole by indirect ophthalmoseo- 
py. Media clarity was graded from 0 to 3, by 
narrow oblique slit-beam examination, with 
0 representing preoperative media clarity 
and 3 denoting severe media haze from 
dispersed fibrin, erythrocytes, or leuko- 
cytes preventing visualization of the poste- 
rior pole by indirect ophthalmoscopy. The 
amount of postoperative bleeding was quan- 
titated and graded from 0 to 3, with 0 
representing no obvious hemorrhage, grade 
1 representing hemorrhage obscuring visu- 
alization of at least one fourth of potentially 
visible retina, grade 2 representing hemor- 
rhage obscuring visualization of at least half 
of the potentially visible retina, and grade 3 
representing hemorrhage obscuring more 
than half of the potentially visible retina, 
preventing visualization of any posterior 
retina detail (Table). 

Statistical analysis between groups was 
performed using Students ¢ test or the 
Mann-Whitney U test. 





Hemorrhage obscuring visualization 
of >% potentially visible retina 





* Grade 3, in all categories, prevented visualization of posterior retina detail. 


RESULTS 
Fibrin 


Postoperatively, fibrin could easily 
be visualized as an amorphous clot. 
Intraocular air compartmentalized in 
the anterior chamber, with the fibrin 
forming posteriorly and cireumferen- 
tially attaching to the iris. With phar- 
macologic pupillary dilation, the fibrin 
would move peripherally, clearing the 
visual axis. In all but one case, fibrin 
could be localized to the posterior 
chamber, as pupillary dilation would 
move the clot peripherally, allowing 
visualization of an uninvolved vitreous 
cavity. Eight control eyes (89%) had 
fibrin present on the first postopera- 
tive day as compared with four (44%) 
of the LMW heparin-infused eyes. By 
the second postoperative day, all fibrin 
from the LMW heparin~infused eyes 
had lysed, whereas six control eyes 
(67%) still retained fibrin. By day 5, 
one control eye (11%) still retained 
fibrin. This clot lysed by the second 
postoperative week. 

Control eyes demonstrated a statis- 
tically significantly increased quan- 
tity of fibrin as approximated in de- 
grees of posterior chamber involve- 
ment as compared with LMW heparin- 
infused eyes. On postoperative day 1, 
the mean of circumferential posterior 
chamber fibrin involvement for control 
eyes was 190°, compared with a mean 
of only 5° for the LMW heparin~in- 
fused eyes (P=.0001; Figs 1 through 
3). On postoperative day 2, control 
eyes had a mean of 136° of posterior 
chamber involvement, whereas all fi- 
brin in the LMW heparin-infused eyes 
had dissolved (P =.006). The quantity 
of fibrin in two control eyes increased 
between postoperative days 1 and 
2, although the remaining controls 
showed a reduction in fibrin quantity 
for this period, resulting in an overall 
reduction in the mean quantity of fi- 
brin for all control eyes. On postopera- 
tive days 3, 5, and 6, the mean fibrin 
posterior chamber involvement for 
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Fig 2.~—Control eye on the first postoperative 
day; 360° of formed fibrin can be visualized in 
the posterior chamber. 
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Fig 1.—Low-molecular-weight heparin-in- 
fused eye on the first postoperative day; no 
formed fibrin can be visualized in the posterior 


chamber. 




















Fig 3.—Control eye on the first postoperative 
day; approximately 100° of fibrin can be visu- 
alized in the posterior chamber. 
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control eyes was 60°, 34°, and 33°, 
respectively (Fig 4). 


Corneal Clarity 


No significant difference in corneal 
clarity could be demonstrated between 
control eyes and LMW heparin-in- 
fused eyes during the first and second 
postoperative weeks. Corneal clarity 
was excellent on the first postopera- 
tive day in both groups but tended to 
diminish by the end of the first week. 
Corneal clarity uniformly improved in 
all LMW heparin-irffused eyes beyond 
the first week, but three control eves 
(50%) had progressive corneal decom- 
pensation following this examination. 
The remaining three eyes in the con- 
trol group gradually improved, but 
only one cornea returned to its preop- 
erative state. A trend toward signifi- 
cantly improved corneal clarity in the 
LMW heparin-infused eyes as com- 
pared with the control eves was pres- 
ent at weeks 4 and 5 (P = .10 for both). 
Corneal clarity was judged to return to 
the preoperative state by weeks 4 
and 5 in LMW heparin-infused eyes 
(Fig 5). 


Media Clarity 


No statistically significant difference 
in media clarity could be demonstrated 
between control eves and LMW hepar- 
in~-infused eyes. Grade 3 media clarity 
was present in two control eves and 
one LMW heparin-infused eye within 
the first 48 postoperative hours. The 
remainder of the eves were assigned 
grades 1 or 2 during this immediate 
postoperative period. Media clarity 
gradually improved in both groups and 
returned to the preoperative state in 
all eyes by the fourth week (Fig 6). 


Intraocular Hemorrhage 


Intraocular hemorrhage from the 
retinotomy did occur, although care 
was taken not to complete the opera- 
tion before the cessation of obvious 
bleeding. No statistically significant 
difference in the quantity or clearance 
of nondispersed intraocular hemor- 
rhage accumulating after wound clo- 
sure could be demonstrated between 
control eyes and LMW heparin-in- 
fused eyes throughout the postopera- 
tive course. In only two cases, one 
control eye and one LMW heparin-in- 
fused eye, was the quantity of postop- 
erative intraocular hemorrhage so se- 
vere that it obscured visualization of 
posterior retinal detail. This was noted 
on the first postoperative day and di- 
minished to grade 2 within 72 hours. 
Following 1 week of observation, in 
both control and LMW heparin-in- 
fused groups, the amount of postopera- 
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Degrees of Fibrin 
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Days After Operation 


Fig 4, Approximate mean of circumferential 
fibrin posterior chamber invol#ement over the 
first 14 postoperative days. Open squares 
indicate control eyes: closed squares. eyes 
infused with low-molecular-waight heparin. 


Grade 


ie) 1 2 3 4 5 
Weeks After Coeration 


Fig 6.—The grade of media clarity over 4 
postoperative weeks. The values of the 
two groups show no significant difference. 
Open squares indicate cont! eyes: closed 
squares, eyes infused with low-molecular- 
weight heparin. 


tive hemorrhage did not exceed grade 
2 in any eye, with mean grades rang- 
ing between grade 1 and grade 2. The 
amount of intraocular hemorrhage 
gradually decreased in al eves during 
the observation period. Posterior 
blood, grade 1 in all cases. was present 
in two control eves (5%) and four 
LMW heparin-infused eves (67%) by 
the fifth postoperative week. The re- 
maining cases, four control eves and 
two LMW heparin-infused eves, had 
cleared all nondisperses intraocular 











hemorrhage by the ‘fourth week 
(Fig 7). 

COMMENT 
Many LMW heparin fractions 


and fragments have beer isolated and 
their pharmacologic properties investi- 
gated.“ Initial studies using ani- 
mal models of thrombus generation 
demonstrated that LMW heparins can 
successfully inhibit thrembus forma- 
tion." Bleeding studies in animals 
also showed less hemorrhagic tenden- 
cy with LMW derivatives than with 
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Fig 5.—The grade of corneal clarity over 5 
postoperative weeks. The values show a 
trend toward improved corneal clarity on 
weeks 4 and 5 in the low-molecular-weight 
heparin-infused eyes (closed squares). 
Open squares indicate control eyes. 
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0 1 2 3 4 5 6 
Weeks After Operation 


Fig 7.—The grade of postoperative intraocu- 
lar hemorrhage over 5 postoperative weeks. 
The values of the two groups show no signifi- 
cant difference. Open squares indicate con- 
trol eyes: closed squares, eyes infused with 
low-molecular-weight heparin. 


native heparin when administered sys- 
temically in equal antithrombotic con- 
centrations." Human pharmacologic 
investigation revealed that intrave- 
nous administration of a heparin frag- 
ment of 4000- to 5000-d mol wt could 
produce a high degree of factor Xa 
inhibition, produce low activated par- 
tial thromboplastin time prolongation, 
and demonstrate first-order elimina- 
tion kinetics.” 

Human clinical trials assessing the 
actual therapeutic efficacy of LMW 
heparins followed. These derivatives 
proved equal to their parent compound 
in the prophylaxis and elimination of 
deep venous thrombosis.” With this 
information about pharmacologic be- 
havior and proved antithrombotic ac- 
tion without obvious toxie reaction, 
we hypothesized that LMW heparins 
would be potentially effective inhibi- 
tors of intraocular fibrin formation fol- 
lowing vitrectomy. To test this hy- 
pothesis, we chose the rabbit eye as a 
model because of its propensity to de- 
velop a fibrinoid response following 
ocular surgery. 
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Inclusion of Fragmin, an LMW hep- 
arin produced by nitrous acid depoly- 
merization, in our intraocular infusion 

-= substantially reduced the amount of 
fibrin clot in this series. An infusion 
concentration of 5 IU/mL was selected 
to reproduce a previous clinical in- 
vestigation that used native heparin in 
our animal model.” Rabbits receiving 
LMW heparin had negligible fibrin 
production, which did not increase in 
severity, cleared rapidly, and did not 
interfere with posterior visualization. 
Lower concentrations of LMW heparin 
may also prove to be effective in reduc- 
ing fibrin formation. We also found 
that rabbits receiving this infusion 

supplement had no increased tendency 
to. bleed postoperatively from inten- 
tional incisions through the retina and 
“into the choroid. Intraoperative bleed- 
ing. was not specifically analyzed and 
presents a practical consideration wor- 
thy of further investigation. 

Fibrin binding to corneal endotheli- 
um can cause cell damage and loss.” 
Diminished corneal clarity late in the 
postoperative course in our control 
group may have been due to this inju- 
rious effect that the prominent fibrin 

` exudate had on the corneal endotheli- 
um. Thrombin receptors on the corneal 
endothelium have also been demon- 
strated, but the precise effects of these 
receptors are unknown.”* 

The theoretical advantages of LMW 

- heparin derivatives as compared with 

:- native heparin, such as an improved 

_antithrombotic-bleeding ratio and less 

disruption of platelet function, make 
‘them potentially more useful in fibrin 
prophylaxis following vitreous sur- 
gery. In vitro studies have also demon- 
strated that Fragmin is more effective 
than native heparin in the reduction of 
cell-mediated contraction of collagen 
gels by human ocular fibroblasts and 
inhibition of proliferation of cultured 
human retinal pigment epithelial 
cells.” These properties suggest that 
LMW heparins may also be useful as 
pharmacologic agents in the preven- 
tion and treatment of ocular scarring 
diseases. Further investigation and 
eventual human trials are warranted 
to assess the impact of LMW heparins 
in the treatment of the patient under- 
going vitreoretinal surgery. 
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_ Synthesis of Platelet Activating Factor 
-by Ocular Tissue From Inflamed Eyes 


James T. Rosenbaum, MD; Richard S. Boney; John R. Samples, MD; Frank H. Valone, MD 


è Platelet activating factors (PAFs) are 
a-family of ether lipids with properties 
that suggest a major role in inflamma- 
tion. We have previously implicated 
¿PAFS in ocular inflammation based on 
the inhibition of several rabbit models of 
iritis with a specific PAF receptor antago- 
nist. We have tested ocular tissues for 
the ability to synthesize PAF. Iris, ciliary 
body; cornea, and/or retina were careful- 
ly dissected from New Zealand white 
rabbits, and tissue from four eyes was 
pooled. Tissues were stimulated with cal- 
cium ionophore (10 pmol/L), and super- 
natants were extracted with chloroform- 
methanol. Platelet-aggregating activity 
was found in the chloroform phase in 2 
of 9, 1 of 8, 0 of 9, and 3 of 9 studies 
“Involving iris, retina, ciliary body, or cor- 
nea, respectively. Twenty-four hours af- 
ter the intravitreal injection of 125 ng of 


: he platelet activating factors 
cott (PAFs) are a family of ether lipids 
that are strongly implicated in inflam- 
mation. The designation PAF does not 
-acknowledge the full biologic activity 
-of this mediator. Platelet activating 
factor induces vascular permeability 
far more potently than histamine,’ acts 
as a chemoattractant for neutrophils,’ 
- stimulates a variety of neutrophil func- 
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endotoxin, aggregating activity was con- 
sistently detectable from supernatants of 
stimuiated iris and ciliary body, occa- 
sionally present from stimulated retina 
but not detectable from cornea. The 
shape of the aggregation curve resem- 
bled that produced by 0.5 to 2.0 ng of 
authentic PAF. Moreover, the aggrega- 
tion could be completely inhibited by a 
PAF receptor antagonist and the aggre- 
gating activity chromatographed identi- 
cally on high-performance liquid chro- 
matography to a PAF standard. These 
studies indicate that PAF-like activity 
could be detected from several ocular 
tissues subsequent to inflammation. Iris, 
ciliary body, retina, vascular endotheli- 
um, and/or leukocytes could each con- 
tribute to the presence of this inflamma- 
tory mediator. 
(Arch Ophthalmol. 1991;109:410-413) 


tions,” induces the synthesis of arachi- 
donic acid metabolites,’ and triggers 
the synthesis of interleukin 1 and tu- 
mor necrosis factor.** Platelet activat- 
ing factor is synthesized by a wide 
variety of tissues, including neutro- 
phils,’ monocytes,’ vascular endotheli- 
um,’ and kidney.* 

We have previously reported that a 
PAF receptor antagonist reduces ocu- 
lar inflammation in several rabbit mod- 
els of iritis.“ Ocular vascular perme- 
ability and/or cellular infiltration can 
be reduced by a PAF receptor antago- 
nist for inflammation subsequent to 
intravenous endotoxin, intravitreal in- 
terleukin 1, an anterior chamber para- 
centesis, or an ocular reverse passive 
Arthus reaction. Platelet activating 
factor has also been implicated in such 





diverse disease processes as corneal 
injury,” immune-complex deposition 
glomerulonephritis," asthma,” shock,” 
and ischemic necrosis of the bowel.” 
All pharmacologic mediators, howev- 
er, have the potential to act in a non- 
specific fashion. Therefore, to test fur- 
ther the potential role for PAF to 
contribute to ocular inflammation, we 
have assessed the ability of rabbit ocu- 
lar tissue to synthesize PAF. 


MATERIALS AND METHODS 
Rabbits 


Two-kilogram New Zealand white rab- 
bits of either sex were purchased from 
Western Oregon Rabbit Company (Philo- 
math, Ore) and housed in the animal care 
facilities of the Oregon Health Sciences 
University. The handling of rabbits con- 
formed to the Association for Researeh in 
Vision and Ophthalmology poliey on animal 
care. A total of 38 rabbits were studied. 
Eighteen of these received endotoxin as 
described below. 


Tissue Dissection 


Rabbits were killed by an overdose of 
phenobarbital and the eyes were enucleat- 
ed. A careful dissection was then per- 
formed. The initial incision into the eye was 
approximately 3 mm posterior to the lim- 
bus. The iris and ciliary body were grasped, 
removed, and placed into a balanced salt 
solution. A curved, sharp scissors (Vannas, 
Storz Instruments, St Louis, Mo) was used 
to separate the iris and ciliary body. The 
cornea was excised in a conservative fash- 
ion so that only clear cornea and no limbal 
or conjunctival tissue remained. Retina epi- 
thelium and pigment epithelium were. ob- 
tained by teasing them gently from the 
adjacent choroidal structures. 

Dissected tissue was suspended in Hanks’ 
balanced salt solution (GIBCO, Grand Is- 
land, NY) containing 0.25% human serum 
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Uninfiamed inflamed 





Comea 3/9 0/4 
“Wis. 2/9 6/6 
“Ciliary body 0/9 5/6 

Retina 1/8 1/4 





*'PAF indicates platelet-activating factor. Values 
are pooled tissue with detectable platelet-aggregat- 
ing activity per number of times different pooled 
‘tissues were tested. Inflamed tissue was analyzed 24 
hours.after 125 ng of endotoxin was administered in- 
travitreally. 


albumin (Alpha Therapeutic Corp, Los An- 
geles, Calif) and stimulated with 10 pmol/L 
of -accalcium ionophore (A23187, Sigma 
“Chemical Co, St Louis, Mo) for 15 to 20 
“minutes. Supernatant from stimulated tis- 
sue-was extracted by a modified Bligh-Dyer 
technique, as previously described.” Fol- 
“lowing extraction, the remaining aqueous 
“phase: was reextracted with chloroform. 
The combined chloroform extracts were 
stored overnight at — 70°C to promote fur- 
ther separation of the chloroform and wa- 
ter. The chloroform phase of the chloro- 
form-methanol extraction was dried under 
nitrogen and resuspended in 150 to 200 pL 
of Hanks’ balanced salt solution containing 
0.25% human serum albumin for platelet 
aggregation studies. 


Platelet Aggregation 


Rabbit platelets were isolated from pe- 
ripheral blood drawn from the central ear 
artery. Nine parts blood was added to one 
part sodium citrate (3.8). Blood was cen- 
trifuged at 1100 rpm to obtain platelet-rich 
plasma. Aggregation was performed using 
platelet-rich plasma as previously de- 
scribed” on an aggregometer (model PAP3, 
Bio-Data, Hatboro, Pa). 


High-Performance Liquid 


Chromatography (HPLC) 
The chloroform extracts were reex- 
tracted with chloroform:methanol:water 


(LELLO, vol/vol/veb, as previously de- 
scribed.” These extracts were dried in a 
centrifugal evaporator and resuspended in 
40 uL of methanol containing 50 pg each of 
phosphatidylcholine and lysophosphatidyl- 
choline (Sigma Chemical Co) as internal 
standards for elution times of known com- 
“pounds. The extracts were then injected 
onto an HPLC column (Ultrasphere, Beck- 
man, Palo Alto, Calif), which was developed 
at a flow rate of 1.5 mL/min with a linear 









gradient from 96%:4% to 92G%:8% solvent 
Acsalvent B. Solvent A was hex- 


ane:isopropanol:ammonium hydroxide (1.0: 
1.0:0.0005, vol/vol/vol) and solvent B was 
water containing 0.05% ammonium hydrox- 
ide. The optical absorbancy of the column 
eluate at 206 nm was monitored and record- 
ed continously. The eluate was collected in 
half-minute (0.75-mL) fractions that were 
osdyied ina centrifugal evaporator and then 
resuspended and lyophilized twice. After 
the second lyophilization, the eluate frac- 
tions were resuspended in 200 uL of Hanky 
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Fig 1.—Panels A through H show representative rabbit platelet aggregation curves. Each: 


aggregation curve represents the change in light transmission (y-axis) vs time (x-axis). Aggre~ 


gation is indicated by an increase in light transmission. Each aggregation curve was recorded 
continuously for 3 minutes after the addition of the stimulus for aggregation: In panels A through —- 
C, progressively increased platelet aggregation is noted with increasing quantities of extracted 
platelet activating factor (PAF). In panel D, extracted supernatant from cornéal tissue failed to. 
produce significant platelet aggregation. Panels E and G show that some aggregatory activity is- 
present in the supernatant of extracted iris or retina. Panels F and H indicate that this 
aggregating activity is completely inhibited by the PAF receptor antagonist. oe 


balanced salt solution containing 0.25% hu- 
man serum albumin and pooled in groups 
representing five to 14 fractions. The 
quantity of PAF in each pool was then 
determined by the rabbit platelet ag- 
gregation bioassay. On 16 consecutive days, 
the elution times of the standards were 
as follows: dipalmitoylphosphatidylicho- 
line, 15.9+£0.6 minutes; tritiated PAF, 
22.840.8 minutes; and lysophosphatidyl- 
choline, 24.8=0.6 minutes (mean=SD). 
There were no differences in elution times 
between purified standards and standards 
mixed with tissue extracts. The recovery of 
the tritiated PAF standard from the HPLC 
column was 86% +3% (mean =SD)n= 16). 





Chemicais 


Endotoxin was purchased from RIBI 
Immunochem, Hamilton, Mont. Platelet 
activating factor was obtained from Ba- 
chem, Torrance, Calif. Tritiated PAF (1-0- 
{1,2,-"Hlalkyl; 1.89 x 10" MBq/mmol) was 
purchased from New England Nuclear 
Corp, Boston, Mass. All solvents were 
HPLC grade, obtained from Fisher Scien- 
tific Co, Santa Clara, Calif. Adenosine di- 
phosphate and collagen for platelet aggre- 
gation studies and phospholipid standards 
for HPLC studies were purchased from 
Sigma Chemical Co. 


RESULTS 


In initial studies, tissue was dissect- 
ed from normal rabbit eyes, pooled, 


and tested for the ability to gen- 
erate platelet-aggregating activity af- 
ter stimulation with calcium iono- 
phore. In most studies, tissue from 
four eyes was pooled. Aggregating ac- 
tivity was not consistently found but. 
was present in 2 of 9, 1 of 8, 0 of 9, and 
3 of 9 studies involving iris, retina, 
ciliary body, and cornea, respectively: 
(Table). In each assay, sensitivity vat- 
ied slightly but it approximated 0.25 te 
0.50 ng based on the ability to detect 
some aggregation with the PAF 
standard. 2 
The intravitreal injection of bacteri- 
al endotoxin produces a reproducible, 
characteristic model of inflammation in 
rabbits.” Accordingly, tissues were 
dissected 24 hours after the intravi-.. 
treal injection of 125 ng ef endotoxin. 
In these studies (Table), aggregating 
activity was consistently present in 
supernatant from iris (six of six stud- 
ies) or ciliary body (five of six studies) 
after stimulation by the calcium ion6- 
phore. The increased likelihood of. de- 
tecting aggregating activity was sta- 
tistically significant by x? analysis 
(P<.02 for ciliary body; P<.01 for 
iris). It was occasionally present in 
retina (one of four studies). Aggregat- 
ing activity could not be derived from 
the cornea (none of four studies), 
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Fig 2. — Representative rabbit platelet aggregation curves. Panels A through C show aggrega- 
tion induced by authentic platelet activating factor (PAF) that had not been chromatographed. 
Panel D shows an aggregation curve from pooled high-performance liquid chromatography 
(HPLC) fractions of supernatant derived from ciliary body. Aggregating activity was not present. 
However, panel E shows that aggregating activity was detectable in HPLC fractions that 
correspond to those where authentic PAF is found. Panel F shows that aggregating activity was 
absent in pooled HPLC fractions obtained from supernatant of iris, representing fractions that do 
not contain PAF. Panels G and H indicate that the HPLC fractions containing authentic PAF 
have aggregating activity for chromatographed supernatant from iris and retina, respectively. 


which is clinically uninvolved in this 
form of endotoxin-induced uveitis. The 
inability to detect PAF from inflamed 
cornea is not significantly different 
from the ability to detect PAF ocea- 
sionally from uninflamed cornea (P>.1 
by x’ analysis). Based on the shape of 
the aggregation curve, tissue from 
four eyes could consistently synthesize 
0.5 to 2 ng of PAF. Representative 
aggregation curves are shown in Fig 1. 

To test the identity of the platelet- 
aggregating activity further, the effect 
of the PAF receptor antagonist SRI 
63-441 (Sandoz Research, Nutley, NJ) 
was tested (Fig 1). At a concentration 
of 1.6 mg/L, this antagonist completely 
blecked the aggregation induced by 
authentic PAF or by the chloroform 
extract of the stimulated ocular tissue 
(Fig 1). The PAF receptor antagonist 
had no effect on aggregation induced 
by adenosine diphosphate (5 pmol/L} 
or collagen (0.1 mg/mL). 

Finally, the identity of the platelet- 
aggregating activity was further char- 
acterized by HPLC. The aggregating 
activity chromatographed identically 
to a PAF standard, as shown in the 
representative curves in Fig 2. 


COMMENT 


These studies indicate that inflamed 
iris and ciliary body can each synthe- 
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size a PAF-like factor, based on the 
ability of each to produce platelet- 
aggregating activity, the ability to ex- 
tract this activity into the chloroform 
phase of a modified Bligh-Dyer extrac- 
tion (suggesting that the aggregating 
activity is an ether lipid), the ability to 
inhibit this activity with a specifie re- 
ceptor antagonist, and the chromato- 
graphic behavior of this platelet-aggre- 
gating activity on HPLC. Platelet 
activating faetor-like activity was oc- 
easionally detectable from superna- 
tants from cornea and retina. Endotox- 
in-induced inflammation, which does 
not affect cornea and only mildly alters 
retina, did not enhance the detectabil- 
ity of PAF from these tissues. Endo- 
toxin itself could not account for the 
observed platelet aggregation based 
on the shape of the aggregation 
curves, the results with the PAF-spe- 
cific inhibitor, and the elution of the 
activity on the HPLC column. These 
studies cannot distinguish whether the 
PAF was actually synthesized by the 
ocular tissue, by a portion of the tissue 
such as the vascular endothelium, or 
by cells such as neutrophils and mono- 
cytes that may have entered the tissue 
by virtue of the inflammatory process. 
It is probable that all these cell types 
are contributing. From a pharmacolog- 
ic and pathophysiologic perspective, it 


may make little difference what the 
actual cellular source may be within 
the tissue. 

Previous studies on the role of PAF 
within the eye have been limited. Our 
own previous studies have indicated 
the potential for a PAF receptor an- 
tagonist in the inhibition of anterior 
uveal inflammation.”” These studies 
demonstrate that a PAF receptor an- 
tagonist can reduce ocular inflamma- 
tion without inhibiting prostaglandin 
E, synthesis and that a PAF receptor 
antagonist can be combined with a 
topical corticosteroid or a topical cy- 
clooxygenase inhibitor to produce ad- 
ditional reduction of inflammation.” 
Platelet activating factor has also been 
detected in the inflamed rabbit cor- 
nea.” It appears s to be present in the 
chick retina” and can alter vascular 
permeability in the rabbit retina.” 
Platelet activating factor has been re- 
ported to trigger prostaglandin syn- 
thesis by iris smooth muscle.” A topi- 
cal PAF receptor antagonist limits the 
inflammation subsequent to laser-in- 
duced iris trauma.” 

Platelet activating factor clearly has 
potent inflammatory properties such 
that the concentrations that were de- 
tectable in our studies are likely to be 
sufficient to contribute to the process 
of inflammation within the eye. Phar- 
macologic agents that inhibit PAF syn- 
thesis or binding to the PAF receptor 
may therefore prove useful in the con- 
trol of ocular inflammation. 

This work was supported in part by grants EY 
06484, EY 07784, and A122141 from the National 
Institutes of Health, Bethesda, Md, by funds from 
the Veterans Administration, and by funds from 
Research to Prevent Blindness, New York, NY. 

The PAF receptor antagonist was the generous 
gift of Dean Handley, PhD, Sandoz Research, 
Nutley, NJ. 
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Krukenberg, in 1899, was the first to report this unusual type of pigmentation of the 
cornea. He described the lesion as brown, spindle-shaped and symmetrical and occupy- 
ing the deepest layers of the cornea. The line of pigment ran in a vertical direction, and 
he referred to it as “bilateral congenital melanosis of the cornea.” 

He described three cases, in all of which myopia was found, ranging from —1 to —9 di- 
opters. The patients were all women over 45 years of age. Each had brown irides. 
Krukenberg expressed his belief that this condition occurred only in brown eyes. The size 
of the pigmented spindles varied from 4 by 3 mm. to 3 by 4.5 mm. No adhesions or pre- 
cipitates were seen, and the pigmentation of the cornea and irides was of the same color. 
Two of his patients had floating vitreous opacities and one had a bilateral posterior sta- 


phyloma. 


He concluded that in fetal life when the pupillary membrane was contiguous with the 
cornea the pigment was fused with the cornea, and that the similarity in color between 
the pigmented area and the iris indicated some connection. He believed that intra-uter- 
ine inflammation could be excluded as a causative factor because of the bilateral deposits 
in each cornea, their location and symmetry and the absence of evidence of a pupillary 
membrane. There was no history of any inflammation in any of these cases, nor was there 
any remnant of persistent pupillary membrane. 


Source: Edgerton AE. Krukenberg’s spindle. 
Arch Ophthalmol. 1930;3:599. 
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Topical Fibronectin in an Alkali 
Burn Model of Corneal Ulceration in Rabbits 


T. Mai Phan, MD: C. Stephen Foster, MD; Carolyn D. Shaw; Luba M. Zagachin, MS; Robert B. Colvin, MD 


e We studied the effect of topical fi- 
bronectin on epithelial wound healing 
and ulceration in alkali-burned rabbit 
corneas. After the first 56 hours, fibro- 
nectin accelerated complete surface re- 
epithelialization to 4.3 + 2.3 days. Control 
alkali-burned corneas treated with phos- 
phate-buffered saline or albumin did not 
resurface for 6.7 +3.7 days and 6.22.5 
days, respectively. When recurrent epi- 
thelial defects occurred, the time re- 
quired for healing was also significantly 
accelerated by fibronectin treatment. 
Corneal ulceration developed in 25 of 28 
and 15 of 18 saline and albumin-treated 
control eyes, respectively; only nine of 
18 fibronectin-treated eyes ultimately 
ulcerated. Immunohistologic studies 
showed that the initially deposited fi- 
bronectin-fibrinogen matrix on the sur- 
face of burned corneas had disintegrated 
by 72 to 96 hours after wounding, corre- 
sponding clinically to the time of second- 
ary epithelial breakdown. A prominent 
fibronectin-fibrinogen matrix remained 
on the surface of fibronectin-treated 
corneas, presumably aiding surface re- 
epithelialization and decreasing corneal 
ulceration. 

(Arch Ophthalmol. 1991;109:414-419) 


Asli burns of the cornea frequently 

lead to persistent epithelial de- 
feets, which result in ulceration and 
perforation. In an effort to preserve 
epithelial integrity and prevent stro- 
mal ulceration, multiple therapeutic 
modalities have been tried, includ- 
` ing hypertonic lubricants,” corticoste- 
roids,”’ collagenase inhibitors,” ascor- 
bate," epidermal growth factor,” 
bandage contact lenses,*” and conjunc- 
tival transplantation,“ but none has 
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been completely successful. 

Fibronectin is a plasma and extracel- 
lular matrix glycoprotein that func- 
tions as a cellular attachment factor.°” 
A prominent component of dermal 
granulation tissue,” it is also ubiqui- 
tous in all corneal wounds. It forms a 
prominent matrix on the surface of 
corneal abrasions” and superficial ker- 
atectomies” and is detectable in inci- 
sional wounds,” thermal burns, and 
alkali burns.” Topical fibronectin has 
been reported to promote corneal epi- 
thelial wound healing in animal mod- 
els? and in uncontrolled trials in pa- 
tients. ”” 

In corneal abrasions” and superficial 
keratectomies,” we previously demon- 
strated that exogenous fibronectin is 
not essential for cell migration and 
wound closure, possibly because fi- 
bronectin is endogenously produced by 
corneal stromal cells in response to 
injury.“ We therefore speculated that 
fibronectin may play a more essential 
role in the treatment of corneal 
wounds with damaged stroma, im- 
paired endogenous fibronectin synthe- 
sis, and rapid proteolytic débride- 
ment. 

Using an alkali burn model of corne- 
al ulceration in rabbits,” we deter- 
mined the role of topical fibronectin on 
epithelial cell migration, wound heal- 
ing, and stromal ulceration. 


MATERIALS AND METHODS 
Fibronectin Purification 


Fibronectin was purified from rabbit 
plasma by affinity chromatography accord- 
ing to a modified method of Engwall et al.” 
Plasma was obtained from 0.38% citrated 
blood by centrifugation and applied to a 
lysine-coupled Sepharose 4B affinity col- 
umn to remove plasminogen. It was then 
passed through a gelatin-coupled Sepharose 
4B affinity column to isolate fibronectin. 
After extensive washing with phosphate- 
buffered saline and equilibration with an 
isotonic saline solution (pH, 7.2), fibronec- 
tin was eluted with 0.15-mol/L sodium chlo- 
ride (pH, 2.2) and dialyzed against 0.1- 
mol/L ammonium bicarbonate and 
phosphate-buffered saline. Electrophoresis 
of unreduced fibronectin on a 4% to 12% 





polyacrylamide slab gel revealed a closely 
spaced doublet of 440 kd. On reduction, 
fibronectin migrated as a doublet in the 
220-kd region. The activity of fibronectin 
was assayed as previously described.” 


Alkali Burn Model 


Institutional guidelines regarding animal 
experimentation were followed in all ex- 
periments. Male and female New Zealand 
white rabbits weighing 3.0 to 3.5 kg were 
anesthetized systemically with pentobarbi- 
tal sodium at 30 mg/kg and topically with 
0.5% proparacaine hydrochloride. After 
deep anesthesia was induced, alkali burns 
were made by placing 6.5-mm-diameter 
disks of No. 40 filter paper (Whatman) 
saturated with 4N sodium hydroxide on the 
central corneal surface for 2 minutes. Alka- 
li-burned corneas were then irrigated with 
0.9% saline for 1 minute. Cyclopentolate 
hydrochloride and polymyxin B-bacitracin 
ointment were applied daily. 

In this model of severe alkali burns,” 
initial wound reepithelialization progressed 
at a steady rate during the first 60 hours; 
this process usually ceased between 72 and 
96 hours, with secondary epithelial break- 
down causing a delay of surface reepithelia- 
lization to 6 to 7 days. Persistent trophic 
ulcers and recurrent epithelial defects fre- 
quently developed; stromal ulceration oc- 
curred in up to 85% of corneas between day 
7 and day 18 after burn. 


Animals and Treatment 


Thirty-two New Zealand albino rabbits 
received corneal alkali burns as described 
and were randomly divided into three study 
groups: (1) 14 control animals received topi- 
cal 0.01-mol/L phosphate-buffered saline 
(pH, 7.2); (2) nine animals were treated 
with topical rabbit serum albumin at 0.6 
mg/mL of phosphate-buffered saline; and 
(3) nine animals received topical purified 
rabbit fibronectin at 0.6 mg/mL. of phos- 
phate-buffered saline. During the first. 56 
hours after burn, 45 pL of either “phos- 
phate-buffered saline, albumin, or fibronec- 
tin was administered to each burned eyé 
every 2 hours, eight times a day; such 
treatment was subsequently continued five 
times a day for 3 weeks. 

During the 3-week study period, animals 
were observed with daily slit-lamp biomi- 
croscopy in a masked fashion. Healing of 
the epithelium was documented with 0.5% 
methylene blue staining at 0 and at 56 hours 
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after-burn; photographs were taken and the 
area of epithelial defect was determined 
by. computerized planimetry. The 56-hour 
postburn: healing rate was expressed as 
square millimeters per hour. Epithelial de- 
+ fects : were subsequently observed daily 
-owith fluorescein staining. After a phase of 
secondary breakdown, which typically oc- 
curred between 72 and 96 hours after burn, 
the time required for primary complete 
surface reepithelialization to occur was re- 
corded. Subsequent recurrent epithelial de- 
feets were carefully observed with fluores- 
cein staining; the frequency of recurrence in 
each eye and the time required for each 
epithelial defect to heal were noted. The 
number of days during which the epithelial 
“surface was intact was compared with the 
=o number of days before onset of ulceration to 
compute the fraction of the preulceration 
“period. during which the epithelial surface 
‘was intact. The incidence of stromal ulcer- 
ation was also calculated for each study 
< group. 
~~ Students t test or Fishers Exact Test 
was used for statistical analysis of differ- 
ences in mean healing incidence and rate, 
and in ulceration frequency between vari- 
ous treatment groups. 

Animals were killed at the end of the 3- 
week study period; corneas were harvested 
for immunochistologic studies. 

Ten other rabbits received similar alkali 
burns and were used for additional immuno- 
histologic studies; five were treated with 
topical phosphate-buffered saline and five 
received topical fibronectin as described. 
They were killed (1) immediately after 
wounding (two animals); (2) 24 hours after 
burning (two animals); (3) 72 hours after 
burning (two animals); (4) 7 days after 
burning (two animals); and (5) 14 days after 

= burning (two animals). Corneas were har- 
vested and processed for immunchistologic 
studies. 


Immunchistologic Studies 


Selected corneas within each study group 
were frozen in embedding compound (OCT; 
Lab Tech, Miles Laboratories, Naperville, 
Il) for immunofluorescent studies; others 
were fixed in Karnovsky’s fixative (1% 
paraformaldehyde, 1.25% glutaraldehyde, 
0.18% sucrose, and 25-mmol/L sodium phos- 
phate in 150-mmol/L sodium cacodylate 
buffer [pH, 7.2) for light microscopy. 

Immunofluorescent studies were per- 
formed on 4-j.m frozen sections of corneas, 
using the following: (1) fluoresceinated goat 
IgG. reactive against rabbit fibronectin 
(4:80; Cappel Laboratories, Cochranville, 
Pa); (2) fluoresceinated goat IgG reactive 
against rabbit fibronectin (1:80; Cappel); (3) 
sheep IgG reactive against mouse laminin 
(1:100) followed by indirect staining with 
a fluoresceinated rabbit anti-sheep IgG 
(4:40); and (4) human IgG reactive against 
bullous pemphigoid antigen (1:80) followed 
by fluoresceinated rabbit anti-human IgG 
(1:40), Washed specimens were mounted in 
Elvanol-glycerin and viewed in an epilumin- 
ation fluorescence microscope (Zeiss). 

Karnovsky’s fixative-fixed corneal speci- 
mens -were dehydrated and embedded in 
historesin. (L.KB-Produkter AB, Bromma, 
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Sweden). Two-micrometer sections were 
stained with hematoxylin-eosin for light 
microscopy. 


RESULTS 
Clinical Observations 


Initial Reepithelialization. — Dur- 
ing the first 56 hours after burn, 
wound reepithelialization proceeded at 
a steady rate in all study groups (Table 
1); the healing rate of fibronectin- 
treated corneal wounds (0.52+0.09 
mm/h) was not significantly differ- 
ent from that of either control 
group (phosphate - buffered saline 
treated, 0.53+0.10 mm/h; albumin 
treated, 0.56 +0.07 mm*/h; P>.5). 

Secondary epithelial breakdown oc- 
curred between 72 and 96 hours after 
burn, with formation of larger epitheli- 
al defects and delay of epithelial cell 
migration in all treatment groups. The 
healing rate of such secondary epitheli- 
al defects was significantly acceler- 
ated by fibronectin treatment; com- 
plete wound reepithelialization could 
be noted 4.3+2.3 days after burn, 
while control phosphate-buffered sa- 
line and albumin-treated corneas did 
not resurface for 6.7+3.7 days and 
6.2+2.5 days, respectively (P<.05). 

Recurrent Defects.—After initial 
reepithelialization, alkali-burned cor- 
neas were frequently plagued by re- 
current epithelial defects that ulti- 
mately resulted in stromal ulceration 
(Table 2). Topical fibronectin did not 


Treatment Group No. of Eyes 


Healing Rate During 
ist 56 h (mm?/h) 





prevent such recurrences (incidence of 
1.00 per eye vs 0.75 per eye in the- 
contrel groups; P>.5). However, it did 
accelerate epithelial migration and 
closure of recurrent epithelial de- 
fects (healing time, 2.2+1.3 days vs 


4.1+2.0 days and 3.9+1.8 days for... . 


phosphate-buffered saline- and ab 
bumin-treated corneas, respectively; 
P<.005). 

With a more rapid initial reepithelia- 
lization phase and accelerated healing 
of recurrent epithelial defects, fi- 
bronectin-treated ¢ alkali-burned cor- 
neas conserved an intact epithelial 
surface during 46.7% +2.5% of the 
preulceration period. In contrast, con- 
trol phosphate-buffered saline- and al- 
bumin-treated corneas had an intact 
surface during only 14.1%+1.5% and - 
15.9% + 1.7% of the preulceration peri- 
od, respectively (P<.001). 

Stromal Ulceration. —As a result of 
persistent and recurrent epithelial de- 
fects, 25 (88.1%) of 28 phosphate-buff- 
ered saline-treated corneas and 15 
(83.38%) of 18 albumin-treated corneas 
ultimately developed stromal ulcer- 
ation (Table 3). In contrast, only nine 
(50%) of 18 fibronectin-treated corneas 
ulcerated (P<.006 and <.05, respec- 
tively; Fisher’s Exact Test). 


Immunohistologic Studies 


Fibronectin. —Normal rabbit cor-~ 
neas had no detectable fibronectin in ` 
the basement membrane zone. In the 
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stroma, fibronectin was present along 
the collagen lamellae in a fine fibrillar 
pattern. At 24 hours after burn (Fig 1, 
left), fibronectin was detected as a 
continuous, brightly stained, dense 
matrix on the denuded surface of both 
control and fibronectin-treated cor- 
neas. A faint fibrillar pattern could still 
be seen in the underlying stroma. By 
72 hours after burn (Fig 1, right), the 
stroma had become amorphous, with a 
ground-glass appearance and complete 
disintegration of the normal fibronec- 
tin fibrillar patterne On the corneal 
surface and under the migrating epi- 
thelium, the fibronectin matrix began 


to break down, forming a thinner, 
fainter, and more irregular band. 

On day 7 after burn, persistent epi- 
thelial defects were frequent among 
control corneas; a fibronectin surface 
matrix could no longer be detected on 
the corneal surface (Fig 2, left), and 
the stroma remained amorphous, with 
a conspicuous absence of fibronectin. 
When exogenous fibronectin was ad- 
ministered, immunofluorescent studies 
revealed a continuous, brightly stained 
fibronectin band under a mosily intact 
one-cell epithelial layer (Fig 2, right). 


in the underlying stroma, coarse 
patches of fibronectin were noted 
































posteriorly, probably corresponding 
to early keratocyte repopulation and 
wound healing (not shown). 

On day 20 after burn, stromal ulcer- 
ation frequently occurred among con- 
trol corneas; fibronectin remained ab- 
sent from the bare ulcer surface and 
under the migrating epithelium, al- 
though some fibronectin patches could 
now be seen in the posterior stroma 
(Fig 3). In contrast, fibronectin-treat- 
ed corneas had an intact epithelial sur- 
face, with a dense fibronectin matrix in 
the basement membrane zone and 
prominent fibronectin patches along 
the newly formed collagen beams of 












































Fig 1.—Immunofluorescence micrographs of alkali-burned rabbit corneas stained for fibronectin. Left, At 24 hours after 
burn, a dense, continuous fibronectin matrix was deposited on the denuded wound surface. Fibronectin can still be faintly 
detected in the underlying stroma. Right, By 72 hours after burn, breakdown of the surface fibronectin matrix can be noted, 
with a thinner. more irregular fibronectin layer under the migrating epithelium. The stroma has become amorphous, with 
complete disintegration of the previously described stromal fibrillar pattern of fibronectin (original magnification x 92). 








Fig 2.—Immunofluorescence micrographs of alkali-burned rabbit corneas at day 7 after burn, stained for fibronectin. Left, 
Control cornea with a persistent epithelial defect: the surface fibronectin matrix has been completely degraded, and stromal 
fibronectin remains nondetectabie. Right, When exogenous fibronectin was administered, a continuous, bright fibronectin 
matrix is present under a one-cell epithelial layer (original magnification x 150). 


416 = Arch Ophihalmol—Vol 109, March 1991 





Fibronectin and Corneal Healing —Phan et al 


the underlying stroma. Even when a 
rare ulcer occurred in fibronectin- 
treated corneas, fibronectin was pres- 
ent throughout the underlying stroma, 
as opposed to its conspicuous absence 
in corneal ulcers of the control group. 
Fibrinagen.—At 24 hours after 
burn, fibrinogen-related antigen, prob- 
ably in the form of fibrin, was also 
present on the denuded surface of both 
control and fibronectin-treated corneas 


in a distribution similar to that of 


Fig 3.—immunofluorescence micrograph of al 


kali-burned rabbit corneas at day 20 after burn, 


fibronectin. However, in contrast to 
fibronectin, fibrinogen was not present 
in the underlying stroma. 

On day 7 after burn, fibrinogen also 
could not be detected on the surface on 
control corneas. However, a faint, dis- 
continuous fibrinogen matrix was de- 
posited along with fibronectin on the 
surface of fibronectin-treated corneas 
(not shown). 

Laminin. — Laminin was present as 
a dense matrix in the basement mem- 











stained for fibronectin. In a control cornea with stromal ulceration, no fibronectin can be detected 
on the bare wound surface or under the migrating epithelium. In the posterior stroma, coarse 
patches of fibronectin begin to reappear (original magnification x 92). 


brane zone of normal rabbit corneas. 
At 24 hours after alkali burn, a discon- 
tinueus matrix could still be detected 
on the corneal surface of both control 
and fibronectin-treated corneas. By 72 
hours after burn, a surface laminin 
matrix was no longer present on the 
bare wound surface (Fig 4, left) On 
day 7 after burn, it remained absent on 
the bare surface but reappeared under 
the migrating epithelium of all corneal 
specimens in a scalloped pattern (Fig 
4, right). Coarse patches of laminin 
also appeared throughout the stroma 
in healed corneas, corresponding to 
areas of neovascularization. 

Bullous Pemphigoid Antigen. — 
Bullous pemphigoid antigen was also a 
component of the normal corneal base- 
ment membrane zone. However, un- 
like laminin, this epitope was removed 
with wounding in this alkali burn mod- 
el (Fig 5, left) Bullous pemphigoid 
antigen reappeared under the migrat- 
ing epithelium of both control and fi- 
bronectin-treated corneas as wound 
healing occurred (Fig 5, right). 





Histopathologic Studies 


At 24 hours after burn, a large epi- 
thelial defeet was present; the corneal 
stromal architecture was markedly al- 
tered, with moderate edema and a 
ground-glass appearance. An early 
acute inflammatory infiltrate could be 
detected at the wound edges as early 
as 60 hours after wounding. Neutro- 
phils became prominent throughout 
the entire underlying stroma by day 7 








Fig 4.—lmmunofiuorescence micrographs of alkali-burned rabbit corneas, stained for laminin. Left, Laminin, a normal 
rabbit corneal basement membrane component that is not removed immediately after an alkali burn, has been degraded by 
72 hours after burn, along with the disappearance of the basement membrane and fibronectin-fibrinogen matrix. Right, ina 
healed fibronectin-treated cornea at day 14 after burn, laminin reappears under the epithelial surface in a scalloped pattern. 
Stromal newly formed blood vessels also stain brightly for laminin (original magnification x 92). 
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Fig 5.—Immunofluorescence micrographs of rabbit corneas, stained for bullous pemphigoid antigen. Left, Bullous 


pemphigoid antigen, a more superficial component of the basement membrane zone than laminin, is removed with 
wounding and cannot be detected immediately after burn. Right, At day 20 after burn, bullous pemphigoid antigen 
reappears under the healing epithelium (original magnification x 92). 
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Fig 6.—Two-micrometer plastic sections of control alkali-burned rabbit cornea. At day 7 after 
burn, there was a large epithelial defect, stromal melting, and a dense acute inflammatory 
infiltrate (hematoxylin-eosin, original magnification x 92). 


after burn (Fig 6), corresponding clini- 
cally to the onset of stromal ulceration. 
In fibronectin-treated corneas that had 
clinically healed, the stromal infiltrate 
was minimal; hypertrophy of the newly 
formed epithelial layer and moderate 
fibrosis could be noted (not shown). 


COMMENT 


Tt has been well documented 
that the corneal epithelial defect 
lowing an alkali burn initially closes at 
a steady rate. This process usually 
ceases between 72 and 96 hours after 
burn, with subsequent recurrent ero- 
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sion, persistent epithelial defect, 
and stromal ulceration. Ultrastructur- 
al studies have correlated this phase 
with the disappearance of the sub- 
epithelial basement membrane, al- 
though a causal relationship was not 
established.” We have also shown in 
this study that laminin, a normal base- 
ment membrane component, is not ini- 
tially removed with a 4N-sodium hy- 
droxide, 2-minute alkali burn but is 
degraded by 72 hours after burn. In 
contrast, bullous pemphigoid antigen, 
which is located more superficially 
than laminin in the basement mem- 








a 


brane zone,™ is immediately removed 
with the alkali burn and reappears only 
under the migrating epithelium. 

To investigate further the molecular 
mechanisms leading to secondary epi- 
thelial breakdown and stromal ulcer- 
ation, Berman and associates™ post- 
ulated that increased plasminogen 
activator secretion by epithelial cells 
subjacent to a persistent defect acti- 
zates plasmin, which degrades the sur- 
face fibronectin-fibrinogen matrix as 
well as components of the basement 
membrane zone, such as laminin.” 
Such degradation can lead to activation 
of latent keratocyte collagenase and 
neutrophil and monocyte chemotaxis 
by fibronectin fragments,” events that 
eventually result in stromal ulceration. 

One should note that the disappear- 
ance of the surface fibronectin-fibrino- 
gen matrix of a wound will not by itself 
cause halting of epithelial cell mi- 
gration and delay of wound closure. 
In both corneal superficial scrape 
wounds” and superficial keratecto- 
mies,” we previously demonstrated 
that an exogenous surface fibronectin- 
fibrinogen layer is not essential for 
wound healing, presumably because 
stromal keratocytes have the capacity 
to secrete fibronectin endogenously.”~ 
These observations are in agreement 
with several other studies that showed 
that exogenous fibronectin does not 
accelerate the rate of epithelial wound 
closure in corneal superficial scrape 
wounds,” but they conflict with re- 
ports by Nishida and associates” that 
demonstrated a stimulatory effect on 
fibronectin in corneal stromal wounds. 
In the alkali-burned cornea, however, 
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immunohistologic studies have shown 
that deep stromal injury abolishes all 
endogenous fibronectin secretion. One 
can therefore hypothesize that the 
degradation of the surface fibronectin- 
fibrinogen matrix by proteases, such 
as plasmin, coupled with the abolition 
of endogenous stromal fibronectin syn- 
thesis, contributes to halting of epithe- 
lial cell migration, formation of a per- 
sistent epithelial defect, collagenase 
activation, and stromal ulceration. 

Our studies have demonstrated that 
treatment with exogenous topical 
fibronectin at the time of secondary 
epithelial breakdown accelerates 
wound healing, thus preserving an in- 
tact. surface longer and decreasing the 
incidence of subsequent stromal ulcer- 
ation. These data are consistent with 
_ those reported by Spigelman and asso- 
ciates,” who showed that topical fi- 
bronectin facilitates healing of peeled- 
back epithelial defects in alkali-burned 
corneas. However, topical fibronectin 
dees not alter the initial rate of epithe- 
lial wound closure during the 60 hours 
preceding this breakdown. It also does 
not prevent subsequent recurrent epi- 
thelial defects, possibly because of in- 
sufficient delivery or altered molecular 
forms; these results have been con- 
firmed, both in our human clinical trial 
-of topical fibronectin” and by others,” 
but differ from the findings of Nishida 
and coworkers,” who reported an un- 
controlled, anecdotal case of successful 
treatment of recurrent erosion syn- 
drome with fibronectin. 

The mechanisms through which fi- 
bronectin might promote healing of 
persistent nonhealing defects of the 
corneal epithelium remain speculative. 
Nakagawa and associates” previously 
demonstrated that fibronectin pro- 
motes attachment of corneal epithelial 
‘cells to different extracellular matrix- 
es; chemotactic and haptotactic activi- 
ties of fibronectin have also been re- 
ported.” Moreover, fibronectin is a 
nonimmunologic opsonic protein in the 
host defense system” and has been 
shown to enhance the phagocytic activ- 
ity of cultured rabbit keratocytes.* 

Results of this study suggest that 
fibronectin may be an alternative in 
the treatment of alkali burn-associ- 
ated, refractory, nonhealing epithelial 
defects. It is a potentially important 
ingredient in an effective therapeutic 
program to prevent the final ulcerative 
process. 


This study was supported in part by grants 
R87-CA-20822 from the National Institutes of 
Health, Bethesda, Md, Fight for Sight grant-in- 
aid GA 84-077, and the National Society to Pre- 
vent Blindness. 

The sheep IgG reactive against mouse laminin 


-Arch Ophthaimo!—Vol 109, March 1991 








was provided by George Martin, MD, National 
Institutes of Health. 


References 


1. Pfister RR, Burnstein N. The alkali-burned 
cornea, I: epithelial and stromal repair. Exp Eye 
Res. 1978;23:519-535. 

2. Berman MB. Regulation of collagenase: ther- 
apeutie considerations. Trans Ophthalmol Soc U 
K. 1978;98:397-405. 

3. Pfister RR. The effects of chemical injury on 
the ocular surface. Ophthalmology. 1983;90: 
601-609. 

4. Korey M, Peyman GA, Berkowitz R. The ef- 
fect of hypertonic ointments on corneal alkali 
burns. Ann Ophthalmol. 1977;9:1383-1387. 

5. Donshik PC, Berman MB, Dohiman CH, Gage 
J, Rose J. Effect of topical corticosteroids on ulcer- 
ation in alkali-burned corneas. Arch Ophthalmol. 
1978;96:2117-2120. 

6. Newsome DA, Gross J. Prevention of me- 
droxyprogesterone of perforation in the alkali- 
burned rabbit cornea: inhibition of collagenolytie 
activity. Invest Ophthalmol Vis Sci. 1977;16:21-31. 

7. Brown SI, Weller CA. Collagenase inhibitors 
in prevention of ulcers of alkali-burned cornea. 
Arch Ophthalmol. 1970;83:352-353. 

8, Slansky H, Berman MB, Dohlman CH. Cyste- 
ine and acetylcysteine in the prevention of corneal 
ulceration. Ann Ophthalmol. 1970;2:488-491. 

9. Berman MB. Collagenase inhibitors: rationale 
for their use in treating corneal ulceration. Int 
Ophthalmol Clin. 1975;15:49-66. 

10. Levinson RA, Paterson CA, Pfister RR. 
Ascorbic acid prevents corneal ulceration and per- 
foration following experimental alkali burns. Invest 
Ophthalmol Vis Sci. 1976;15:986-993. 

11. Pfister RR, Paterson CA, Hayes SA. Topical 
ascorbate decreases the incidence of corneal ulcer- 
ation after experimental alkali burns. Invest Oph- 
thalmol Vis Sei. 1978;17:1019-1024. 

12. Singh G, Foster CS. Epidermal growth fac- 
tor in alkali-burned corneal epithelial wound heal- 
ing. Am J Ophthalmol. 1987;103:802-807. 

13. Kenyon KR, Berman MB, Rose J, Gage J. 
Prevention of stromal uleeration in the alkali- 
burned rabbit cornea by glued-on contact lens: evi- 
dence for the role of polymorphonuclear leukocytes 
in collagen degradation. Invest Ophthalmol Vis 
Set. 1979;18:570-587. 

14. Thoft RA. Conjunctival transplantation. 
Arch Ophthalmol. 1977;95:1425-1427. 

15. Thoft RA. Conjunctival transplantation as 
an alternative to keratoplasty. Ophthalmology. 
1979;86:1084-1091. 

16. Pearlstein E, Gold LI, Garcia-Pado A. Fi- 
bronectin: a review of its structure and biological 
activity. Mol Cell Biochem. 1980:29:103-126. 

17. Yamada KM, Olden K. Fibronectins: adhe- 
sive glycoproteins of cell surface and blood. Nature. 
1978;275:179- 184. 

18. Grinnell F, Billingham RE, Burgess L. Dis- 
tribution of fibronectin during wound healing in 
vivo. J Invest Dermatol. 1981;76:181-189. 

19. Fujikawa LS, Foster CS, Harrist TJ, Lani- 
gan JM, Colvin RB. Fibronectin in healing rabbit 
corneal wounds. Lab Invest. 1981;45:120-129. 

20. Fujikawa LS, Foster CS, Gipson IK, Colvin 
RB. Basement membrane components in healing 
rabbit corneal epithelial wounds: immunofluores- 
cence and ultrastructural studies. J Cell Biol. 
1984;98:128-138. 

21. Suda T, Nishida T, Ohashi Y, Nakagawa S, 
Manabe R. Fibronectin appears at the site of corne- 
al stromal wounds in rabbits. Curr Eye Res. 
1981, 1:553-556. 

22. Tenn PF, Fujikawa LS, Dweck MD, Pales- 
tine AG, Nussenblatt RB. Fibronectin in alkali- 
burned rabbit cornea: enhancement of epithelial 
wound healing. Invest Ophthalmol Vis Sei. 
1985;26(supp!):92. Abstract. 

23. Nishida T, Nakagawa S, Nishibayashi C, Ta- 
naka H, Manabe R. Fibronectin enhancement of 
corneal epithelial wound healing of rabbits in vivo. 


Arch Ophthalmol. 1984;102:453-456. 

24. Nishida T, Ohashi Y, Awata T, Manabe R. 
Fibronectin, a new therapy for corneal trophic ul- 
cer. Arth Ophthalmol. 1983;101:1046-1048. 

25, Phan TM, Foster CS, Boruchoff SA, Zaga- 
chin LM, Colvin RB. Topical fibronectin in the 
treatment of persistent corneal epithelial defects 
and trophic ulcers. Am J Ophthalmol. 1987;104 
494-501. 

26. Phan TM, Foster CS, Wasson PJ, Fujikawa 
LS, Zagachin LM, Colvin RB. Role of fibreneetin 
and fibrinogen in healing of corneal epithelial 
scrape wounds. Invest Ophthalmol Vis Sei. 
1989:30:377-385. 

27. Phan TM, Foster CS, Zagachin LM, Colvin 
RB. Role of fibronectin in the healing of superficial 
keratectomies in vitro. {nvest Ophthalmol Vis Sci. 
1989;30:386-391. 

28. Phan TM, Gipson IK, Foster CS, Zagachin 
LM, Colvin RB. Endogeneous preduction of fibro- 
nectin in corneal stromal wounds: an organ culture 
cross-species transplant study. Invest Ophthalmol 
Vis Sei. 1986;27(suppl):52. Abstract. 

29. Berman MB, Manseau E, Law M, Aiken D. 
Ulceration is correlated with degradation of fibrin 
and fibronectin at the corneal surface. Invest 
Ophthalmol Vis Sci. 1983;24:1358-1366. 

30. Engwall E, Ruoslahti E, Miller EJ. Affinity 
of fibronectin to collagens of different types and to 
fibrinogen. J Exp Med. 1978;147:1584-1595. 

31. Liotta LA, Goldfarb RH, Terranova VP. 
Cleavage of laminin by thrombin and plasmin: al- 
pha-thrombin selectivity cleaves the beta-chain of 
laminin. Thromb Res. 1978:21:663-669. 

32. Norris DA, Clark RAF, Swigart LM, Huff - 
C, Weston WL, Howell SE. Fibronectin fragments 
are chemotactic for human peripheral blood mono- 
cytes. J Immunol. 1982;129:1612-1618. 

33. Newton C, Hatchell DL, Klintworth GK, 
Brown CF. Topical fibronectin and corneal wound 
healing in the rabbit. Arch Ophthalmol. 1988; 
106:1277-1279. 

34. Soong HK, Hassan T, Varani J, Huang SC, 
Brennan M. Fibronectin does not enhance epider- 
mal growth factor-mediated acceleration of corneal 
epithelial wound closure. Arch Ophthalmol. 
1989; 107:1052-1054. 

35. Nishida T, Nakagawa S, Awata T, Ohashi Y, 
Watanabe K, Manabe R. Fibronectin promotes epi- 
thelial migration of cultured rabbit cornea in situ. J 
Cell Biol. 1983;97:1653-1657. 

36. Watanabe K, Nakagawa S, Nishida T. Stim- 
ulatory effects of fibronectin and EGF on migration 
of corneal epithelial cells. Invest Ophthalmol Vis 
Sei. 1987;28:205-211. 

37. Spigelman AV, Vernot JA, Deutsch TA, 
Peyman GA, Molnar J. Fibronectin in alkali burns 
of the rabbit cornea. Cornea. 1985;4:169-172. 

38. Glasson M, Boisjoly HM, Chamberland G, 
Beaulieu A. Effect of plasma fibronectin compared 
to saline for preventing human recurrent corneal 
epithelial defects. Invest Ophthalmol Vis Sci. 
1989;30(suppl):148. Abstract. 

39. Nishida T, Nakagawa S, Awata T, Tani Y, 
Manabe R. Fibronectin eyedrops for traumatic re- 
current corneal erosion. Lancet. 1983;2:521-522. 

40. Nakagawa S, Nishida T, Kodama S, Aoki $, 
Itoi M. Changes in spreading activity of cultured 
rabbit corneal epithelial cells on various extracellu- 
lar matrices; fibronectin, collagen type I and type 
IV, and laminin. Invest Ophthalmol Vis Sci. 1986; 
27(supp)h:53. Abstract. 

41. Watanabe K, Nakagawa S, Nishida T. Che- 
motactic and haptotactic activities of fibronectin for 
cultured rabbit corneal epithelial cells. Invest 
Ophthalmol Vis Sci. 1988;29:572-577. 

42. Blumenstock FA, Laba TM, Weber P, Laffin 
R. Biochemical and immunological characterization 
of human opsonic alpha2-SB glycoprotein: its iden- 
tity with cold-insoluble globulin. J Biol Chem. 
1978;253:4287-4291. 

43. Mishima H, Yasumoto K, Nishida T, OtoriT. 
Fibronectin enhances the phagocytic activity of cul- 
tured rabbit keratocytes. Invest Ophthalmol Vis 
Sei. 1987;28:1521-1526. 


Fibronectin and Corneal Healing—Phanetal 419 











Is Basal Laminar Deposit Unique for 
Age-Related Macular Degeneration? 


Theo L. van der Schaft, MD; Wim C. de Bruijn, PhD; Cornelia M. Mooy, MD; 
Diane A. M. Ketelaars, BSc; Paul T. V. M. de Jong, MD, PhD 


è The ultrastructural nature and distri- 
bution of basal laminar deposit, consid- 
ered to be a precursor of age-related 
macular degeneration, were studied in 42 
human ‘maculae. Basal laminar deposit 
was found from age 19 years on, not only 
between the retinal pigment epithelial 
celis and their basement membrane but 
also more often on the choriocapiliary 
side of Bruch’s membrane. No direct 
relationship was found with other aging 
changes, such as calcifications in 
Bruch’s membrane, accumulation of li- 
pofuscin granules, or drusen in the mac- 
ular area. Material similar to basai lami- 
nar deposit can be found in the 
trabecular system, in the cornea, and 
aiso in many other organs and tissues. 
On a structural and morphometrical ba- 
sis, we think that basal laminar deposit is 
similar to fibrous long-spacing collagen 
and thus does not seem to be a purely 
ocular abnormality. 

(Arch Ophthalmol. 1991;109:420-425) 


\ isual loss due to age-related macu- 

lar degeneration (AMD) is an in- 
creasing problem in the Western 
world, owing to a rise in the average 
age of the population.’ In patients 
with clinical signs of AMD, postmor 
tem light microscopic (LM) examina- 
tion has shown progressive accumula- 
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tion of extracellular material at the 
basal side of the retinal pigment epi- 
thelium (RPE) in the macular area.’ 
This has led to the postulation that 
these deposits might be a precursor of 
AMD.’ These basal deposits have been 
called basal laminar deposit(s),’ basal 
linear deposit(s),’ and Linear basal 
deposit(s)*; all indicating identical ma- 
terials. The basal deposits can be seen 
by LM as a linear band, actually repre- 
senting a lamina between the RPE and 
Bruch’s membrane. We prefer the sin- 
gular expression, basal laminar deposit 
(BLD). 

Ultrastructurally, BLD is located 
between the RPE cell membrane and 
its basement membrane’ and has a 
characteristic banded pattern, with a 
periodicity of about 120 nm. A second 
type of BLD has been observed in eyes 
with long-standing macular atrophy.’ 
It has been described as a mixture of 
amorphous clumps, fibrillar material, 
and a small amount of fibrous long- 
spacing collagen (FLSC). It was called 
“flocculent BLD,” because of the mul- 
tilaminar or flocculent arrangement at 
the base of the RPE. It is assumed 
that BLD might be a waste product of 
the RPE cells, and is secreted at the 
basal side of the cells.* 

The prevalence of BLD increases 
with age." A mild visual loss has 
been reported in patients with post- 
mortem histopathological evidence of a 
moderate amount of BLD in the macu- 
lar area.’ All patients with a large 
amount of BLD had serious visual loss 
during the last part of their life, and 
14% had histopathological evidence of 
subretinal neovascularization.’ 

We studied the structure and distri- 
bution of BLD in postmortem human 
eyes by transmission electron micros- 


copy (TEM), emphasizing advanced 
age groups. 


MATERIALS AND METHODS 


We obtained 145 randomly collected post- 
mortem human eye bank and autopsy eyes. 
Nothing was known about the ocular histo- 
ry. The age of the patients ranged from 0 to 
94 years, with an average of 70 years (SD, 
15.8 years). Time between death and fixa- 
tion ranged from 2 to 22 hours. Only one 
eye of each person was used for this study. 
After removing the cornea, the eyes were 
either fixed with a mixture of 1% glutaral- 
dehyde (vol/vol) and a 4% formaldehyde 
solution (vol/vol) or.a 4% formaldehyde 
solution in a 0.1-mol/L phosphate buffer at 
pH 7.2. 

After horizontal sectioning of the globe 
with a razor, the eyes were examined with 
a Zeiss binocular preparation microscope at 
x4 magnification. Only eyes without mac- 
roscopically gross pathological changes, 
apart from macular degeneration or drusen, 
were used, as BLD formation might be 
stimulated by various pathological condi- 
tions such as trauma or infection. The mac- 
ular area was removed and cut into two 
equal parts. Half of the macula was embed- 
ded in paraffin following routine procedures 
for LM to select the eyes with BLD. The 
other half of the macula was divided into 
three equal parts for TEM and stored in 
fixative until use. 

To compare the ultrastructure of maculae 
with and without BLD and of maculae of all 
age groups, we selected 42 maculae, 16 with 
LM evidence of the presence of BLD be- 
tween the RPE and Bruch’s membrane and 
26 without LM evidence for the presence of 
BLD; these were distributed over all age 
decades. One part of these maculae was 
embedded, without osmium tetroxide post- 
fixation, in epoxy resin (LX 112, Ladd 
Research Industries, Inc, Burlington, Vt) 
after dehydration with grading acetone. 
Semithin sections 1 um thick were made for 
LM with a glass knife and stained with 
toluidine blue (1% wt/vol). Ultrathin sec- 
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tions of 70- to $0-nm thickness, made on an 
Ultrotome LKB IV (LKB, Stockholm, Swe- 
den) with a diamond knife, were mounted 
on unfilmed mesh 300 copper grids. After 
staining for 30 minutes with uranyl acetate 
and 2 minutes with lead citrate, the ul- 
trathin sections were examined with a TEM 
(Zeiss EM 902), with an acceleration volt- 
age of 80 kV. Micrographs were made on 
film (Kodak SO 168, Eastman Kodak, Roch- 
ester, NY). An image-analyzing system 
(IBAS 2000 Zeiss/Kontron, Oberkochen, 
Federal Republic of Germany) was connect- 
ed directly to the TEM for ultrastructural 
measurements. 

Immediately after sectioning, ultrathin 
sections of two eves with a large amount of 
BLD were additionally stained for 6 hours 
with phosphotungstic acid (10% wt/vol), a 
selective collagen stain. In addition, we 
embedded a piece of the anterior segment 
of three eyes obtained at autopsy from 
patients who were 59, 82, and 84 years of 
age, including a small part of the cornea, 
trabecular system, and ciliary body. 


RESULTS 


Basal laminar deposit was located 
between the RPE cell membrane and 
its basement membrane as a complex 
of extracellular material (Fig 1). The 
most prominent part of the BLD ap- 
peared as irregularly oriented, small, 
trapezoidal or spindle-shaped pieces of 
material. Its most remarkable feature 
was the fingerprintlike cross-banding 
(Fig 1). This banding pattern consisted 
of electron-dense bands with an aver- 
age width of about 50 nm and electron- 
lucent interbands with an average 
width of about 80 nm (Fig 2). The 
electron-dense bands consisted of two 
parallel electron-dense bands, each 
about 15 nm wide, and an electron- 
lucent band about 20 nm wide in be- 
tween. This electron-lucent band was 
not always clearly visible (Fig 2). 
Within the interbands, a much finer 
striation was observed perpendicular 
to the electron-dense bands. 

The bands ran in a strictly parallel 
fashion, although there was a marked 
variety in width of the banding pat- 
tern, within and also between the dif- 
ferent patches of BLD. Its periodicity 
ranged from 115 to more than 140 nm. 
Above 140 nm, the demarcation of the 
electron-dense bands became so indis- 
tinct that it was difficult to measure its 
periodicity (Fig 2). Scattered between 
the banded material were pieces of the 
same size and shape, with a homoge- 
neous, moderate electron density, 
sometimes exhibiting the beginning of 
a banded pattern at one of the edges 
(Fig 2). This material seemed to con- 
sist of bundles of fibers sectioned per- 
pendicularly and thus not exhibiting 
the banded pattern. 

Most of the BLD was located close 
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Fig 1.— Electron micrograph of the retinal pigment epithelium (top) and a large amount of basal 
laminar deposit (BLD) between the cell membrane (closed arrow) and its basement membrane 
(arrowheads). Note the fingerprintlike banded pattern and the irregular orientation of the 
material (uranyl acetate—lead citrate, original magnification, x 3000). 
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Fig 2.—Higher magnification of basal laminar deposit with the epithelial basement membrane 


(B), the banded material, homogeneous material (H), and electron-lucent spaces (E). Note the 
electron-dense bands, with the electron-lucent center (large closed arrow) and the lighter 
interbands with the longitudinally oriented fine striation (small arrows). Some bands seem wider, 
probably owing to the angle of sectioning (open arrow). The homogeneous material seems to 
consist of a bundle of fibers. sectioned perpendicularly, and merges gradually into a banded 
pattern (phosphotungstic acid, uranyl acetate—lead citrate, original magnification, x 20 000). 


to the RPE basal cell membrane and 
between its basal infoldings. Basal 
laminar deposit-like material was not 
found within the RPE cytoplasm or 
within the lipofuscin granules found in 
the RPE. Between the banded materi- 
al were areas filled with fibrils and 
electron-lucent spaces, which seemed 


“empty” with uranyl acetate-lead ci- 
trate and phosphotungstic acid stain- 
ing procedures (Fig 2) The fibrils 
were sometimes seen to be connected 
with the banded material (Fig 3). A 
small number of vesicles and occasion- 
ally a pigment granule were found 
between the banded material. 
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Fig 3.—Basal laminar deposit between retinal pigment epithelial cell (top) and its basement 


membrane (bottom). Note the fibrillar material (F) between the banded pieces of basal laminar 
deposit, excreted pigment granule (P), and cell membrane (arrows) (uranyl acetate—lead citrate, 


original magnification, x 7000). 
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Fig 4.—Electron micrograph of the retinal pigment epithelium (top), basal laminar deposit, and 
Bruch’s membrane (BM). The basal laminar deposit and BM are heavily stained. The electron- 
lucent spaces (E) between the basal laminar deposits are still unstained (phosphotungstic acid, 
uranyl acetate—lead citrate, original magnification, x 3000). 


The phagocytized dises of the photo- 
receptor outer segments in the RPE 
had a clearly different shape. The dises 
did not run exactly parallel, the stria- 
tion was more dense, and electron- 
lucent interbands were absent. 

After staining with phosphotungstic 
acid, the collagen fibers of the sclera 
were heavily stained. In Bruch’s mem- 
brane, however, only a moderate 
amount of collagen fibers was visible. 
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The BLD stained faintly and was hard 
to distinguish from the RPE cyto- 
plasm. After counterstaining with ura- 
nyl acetate-lead citrate, the BLD 
stained heavily, but the formerly de- 
scribed electron-lucent spaces re- 
mained electron-lucent (Fig 4). Also, 
the thickened part of the outer collage- 
nous zone (OCZ) of Bruch’s membrane 
was more electron-dense with this 
staining procedure. 





Banded material, structurally simi- 
lar to BLD and with the same periodic- 
ity of about 120 nm, was interspersed 
in the OCZ of Bruch’s membrane, es- 
pecially on the choroidal side (Figs 5 
and 6). In 33 (79%) of the 42 maculae 
examined, this BLD-lke material was 
present in the OCZ (Fig 7), in some 
maculae in even larger amounts than 
between the RPE and its basement 
membrane (Fig 5). In 20 (48%) of the 
maculae, this BLD-like material was 
found in the OCZ, although no deposits 
could be found at the base of the RPE. 
The structure and periodicity of these 
deposits on the choroidal side of 
Bruch’s membrane were similar to 
those between the RPE and its base- 
ment membrane. The amount of BLD 
in the OCZ increased with age and 
BLD was seen already at age 19 years. 
The BLD between the RPE and its 
basement membrane was first seen at 
age 70 years. 

In none of the eyes examined was 
BLD present on the capillary side of 
the endothelial basement membrane of 
the choriocapillaris. In seven maculae, 
small amounts of similar banded mate- 
rial were found in the inner collage- 
nous zone (ICZ) of Bruch’s membrane. 

In seven maculae, an early stage of 
BLD was found between the basal 
infoldings of the RPE cell membrane 
and the RPE basement membrane 
(Fig 5). This consisted of globular de- 
posits with a homogeneous, moderate 
electron density. In most cases these 
deposits were confluent. Interspersed 
between these deposits were found a 
few small pieces of 120-nm banded 
material, small amounts of fibrillar ma- 
terial, and nonhomogeneous granular 
material in varying amounts. The floc- 
culent type of BLD was not seen in our 
study, probably because none of the 
eyes examined exhibited an advanced 
stage of macular degeneration. 

No connection was observed be- 
tween the presence of BLD and the 
location of other aging changes of the 
macular area, such as the amount of 
accumulated lipofuscin granules in the 
overlying RPE cells, loss of retinal 
pigment granules, or calcifications 
within Bruch’s membrane. No relation 
was found between the fixation delay 
and the prevalence of BLD. 

In the trabecular system (Fig 8), a 
varying amount of BLD-like, banded 
deposits was found in the trabeculae of 
all three eyes, located close to the 
basement membrane of the trabecular 
endothelial cells. The periodicity of the 
banding pattern was also about 110 to 
120 nm and was structurally similar to 
the banded material of the BLD in the 
macular area, especially when sec- 
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Fig 5.—Electron micrograph of the retinal pigment epithelium (top) and Bruch’s membrane with 
the inner collagenous zone (ICZ), elastic layer (EL), and outer collagenous zone (OCZ). 
Between the coarse basal infoldings of the retinal pigment epithelium and the basement 
membrane is a large amount of an early stage of basal laminar deposit (asterisks), with a small 
amount of banded material. Within the OCZ on the choroidal side, there is a large amount of 
banded material (arrows), which has the same structure and banding pattern as basal laminar 
deposit. Note calcifications (C) in Bruchs membrane. CC indicates choriocapillaris (uranyl 
acetate—lead citrate, original magnification, x 4400). 
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Fig 6.—Electron micrograph of Bruch’s membrane and the choriocapillaris (CC) of an 86-year- 
old person. The difference between the layers of Bruch’s membrane is not clearly visible in the 
macular area. The inner and outer collagenous zones (ICZ and OCZ) are filled with smail 
vesicles between the collagen fibers. Within the OCZ, especially on the choroidal side, one may 
see banded material similar to basal laminar deposit (B), trilaminated curly membranes (open 
arrows), and an electron-dense granule (closed arrow). EL indicates elastic layer (uranyl 
acetate—lead citrate, original magnification, x 7000). 


body, no banded material was found in 
relation with the pigment epithelium, 
its basement membrane, or the super- 
ficial stroma. 


tioned obliquely. Only the electron- 
lucent center of the electron-dense 
bands was lacking in the deposits of 
the trabecular system. In the ciliary 
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COMMENT 


Sarks’ showed that the amount of 
BLDbis positively correlated with visu- 
al loss and is a good indicator of the 
degree of RPE degeneration. Howev- 
er, BLD cannot be detected directly by 
ophthalmoscopy or fluorescein angiog- 
raphy. The first clinically visible signs 
of AMD are pigment changes in the 
macular area, due to alterations in the 
RPE cells. In this stage, there is al- 
ready a slight visual loss. 

It is generally assumed that BLD is 
produced by the RPE cells," proba- 
bly owing to the fact that BLD was 
initially found between the RPE and 
its basement membrane. However, in 
this study, BLD was also found by 
TEM within the ICZ and OCZ and 
between the OCZ and the basement 
membrane of the choriocapillary endo- 
thelium, as has been mentioned by 
others.” This might be explained by 
diffusion of precursor material from 
the RPE through the layers of Bruch’s 
membrane, before polymerization into 
BLD. However, in 20 maculae we 
found BLD located only between the 
OCZ and the endothelial basement 
membrane of the  choriocapillaris, 
without evidence of BLD in relation to 
the RPE. This could be an argument 
against BLD production by the RPE 
and suggests a multifocal origin of 
BLD or a complete diffusion through 
Bruch’s membrane of the precursors of 
the banded material. Also, the idea 
that BLD might originate exclusively 
from the choriocapillaris seems unlike- 
ly, because in the trabecular system, 
which is avascular, banded deposits 
have also been described.” In our 
study, the trabecular deposits were 
located adjacent to the trabecular en- 
dothelial basement membrane and 
were structurally similar to BLD in 
the macular area. The periodicity of 
the banded pattern in both was about 
110 to 120 nm. The trabecular banded 
material was located in an area of a 
homogeneous and slightly electron-lu- 
cent substance, from which it seemed 
to originate (Fig 8). The longitudinally 
directed striations were, however, 
more pronounced than in BLD, and the 
electron-lucent center of the electron- 
dense bands was absent. As in the 
BLD, deposits with a higher periodici- 
ty were also seen here, coupled with 
broader and more indistinct striations. 
This is probably due to a different 
angle of sectioning. We can assume 
that when the periodicity is smallest 
and the bands are most distinct, the 
angle of sectioning is approximately 
90°. 

In the trabecular system, both the 
RPE and blood vessels are absent. 
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Fig 7.—Age distribution of the 42 patients 
and the ultrastructural distribution cf basal 
laminar deposit (BLD) in the macula. Darker 
shaded bars indicate all eyes; lighter shaded 
bars, the BLD located in the outer collage- 
nous zone (OCZ) of Bruch’s membrane; and 
open bars, the BLD between the basement 
membrane of the retinal pigment epithelium 
(RPE) and its cell membrane. Note the pres- 
ence of BLD in the OCZ in young persons, in 
contrast to BLD between the RPE and its 
basement membrane. 


* 
Fig 8.— Tangential section through a trabecu- 
lar fiber near the limbus of an 82-year-old pa- 
tient. Two layers of trabecular endothelial cells 
(TEC) with a basement membrane (arrows) are 
covering the connective tissue core. Adjacent 
to this basement membrane, banded material 
(B) with a periodicity of 110 to 120 nm is seen 
(uranyl acetate—lead citrate, osmium tetroxide, 
original magnification, x 12 000). 
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10-19 20-29 30-39 40-49 50-59 60-69 70-79 80-89 90-100 











System 
or Organ 








Normal 


Pathological 





Eye 


Descemet’s membrane 


Descemet’s membrane in cornea guttata, 
Kayser-Fleischer rings, Fuch’s dystrophy, 
desquamatory endotheliopathy, and posterior 
keratoconus; cornea in Scheie's syndrome: 
interstitial keratitis 





Trabecular meshwork 





Trabecular meshwork in exfoliative syndrome, 
Sanfilippo’s syndrome, and glaucoma 





Ear 


Macular region of utricle 





Heart 


Myocardium 


Rheumatic carditis 





Neuronal 


Cauda equina 


Nerve trauma; schwannomas; neurofibromatosis; 
astrocytomas; Raynaud's phenomenon 





Skin 


Tuberous sclerosis; angiofibromas; melanomas; 
lepromatous leprosy; blue nevus; scleroderma; basai 
cell carcinoma; squamous cell carcinoma 





Skeleton 


Duchenne type dystrophy 





Nucleus pulposus, articuiar 
cartilage (aged mice) 


Osteosarcoma; Ewing's sarcoma 





Lymphatic 


Lymph node in Hodgkin's disease; lymphadenitis: z 
thymomas 





Systemic 


Glomeruli in amyloidosis; kidney with multiple myeloma: 
extrapulmonary silicotic lesions; systemic hyalinosis 
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Age, y 


This suggests another origin of the 
banded material or the uptake of pre- 
cursor molecules from the chamber 
fluid, followed by polymerization into 
banded deposits. McMenamin et al” 
found large amounts of banded materi- 
al in the trabecular system of eyes of 
aged patients, but this material has 
also been described in small amounts in 
patients from 6 years old on. ®” 
Ultrastructurally, BLD resembles 
FLSC. "== Ghadially™ mentioned four 
types of FLSC, all of which can be 
made in vitro, but only FLSC III 
resembles in vivo FLSC.”* Influences 
such as pH, Po,, and the concentration 
and type of glycosaminoglycans may 
be the reason that only type III is 
formed in vivo. This might also be 
influenced by age and pathological or 
traumatic changes in the tissue. 
Fibrous long-spaeing collagen type 
HI has been found thus far in a variety 
of normal and pathological tissues and 
organs, listed in the Table.“"" The 
slightly different ratio of collagen to 
glycosaminoglycans and other external 
factors may determine the small differ- 
ences of length and width of the FLSC 
in the various tissues. "77A 
Authors have used confusing names 
for FLSC in TEM images, such as 
banded structures, curly collagen, 
wide banded collagen, long-spacing 
collagen, broad banded striated bod- 
ies, lattice collagen, sheath collagen, 
kollagenoid, gitterkollagen, and Luse 
bodies." This might be due to its di- 
verse TEM appearances as a result of 
diverse fixation techniques, staining 
techniques, and measuring methods of 
the periodicity of the banding pattern, 
or it might be due to the kind of tissue 
examined, 
Our findings suggest that the most 
characteristic substance of BLD, the 
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banded material found between. the 
RPE -and its basement membrane, 
within Bruch’s membrane, and within 
_ the trabecular system, is the same as 
_ FLSC IH. Structurally, BLD is simi- 
_ lar to FLSC II, with a banding peri- 
--odicity of 100 to 120 nm. Both have an 
extracellular location, close to an epi- 
thelium with an adjacent basement 
membrane. Both BLD and FLSC HI 
are found in tissue with aging or de- 
generative changes (Table). To the 
best of our knowledge, it is still impos- 
< sible to identify BLD and FLSC with 
immunological techniques. 
<e Electron microscopically, BLD is 
surrounded by electron-lucent materi- 
al, which is referred to by Loeffler and 
- Lee as “empty space, possibly in vivo 
_ filled with fluid” (Fig 5). Another ex- 
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planation might be that this is elec- 
tron-lucent material that does not stain 
with routine TEM staining techniques 
or with phosphotungstic acid. 


CONCLUSION 


We think that the formation of BLD 
is neither a unique process nor a pure- 
ly ocular disease. In the eye, it is most 
often found in the vicinity of Bruch’s 
membrane in the macular area but it 
can also be found elsewhere, as in the 
trabecular system. The location of 
BLD in the macula, not only between 
the RPE cell membrane and its base- 
ment membrane but also within 
Bruch’s membrane on the choroidal 
side, suggests a multifocal origin or a 
polymerization of smaller particles, eg, 
tropocollagen or basement membrane 


References 


Saunders Co; 1971:154-182, 344-372. 

13. McMenamin PG, Lee WR, Aitken DA. Age- 
related changes in the human outflow apparatus. 
Ophthalinelogy. 1986;93:194-209. 

14. Tripathi RC. Fine structure of mesodermal 
tissues of the human eye. Trans Ophthalmol Soc U 
K. 1974:94:663-695. 

15. Holmberg A. Schiemm’s canal and the tra- 
becular meshwork: an electron microscopic study of 
the normal structure in man and monkey. Doc 
Ophthalmol. 1965;19:339-366. 

16. Weiter JW. Macular degeneration: is there a 
nutritional component? Arch Ophthalmol. 1958; 
106:183-184. 

17. Ferris FL. Senile macular degeneration: re- 
view of epidemiologie features. An: J Epidemiol 
1983;118:132-151. 


18. Ghadially FN. Ultrastructural Pathology of 





the Celland Matrix. 3rd ed. Stoneham, Mass: But- 
terworth Publishers Ine; 1958:1234-1241. 

19. Spalton DJ, Hitchings RA, Hunter PA. At- 
las of Clinical Ophthalmology. London, England: 
Gower Medical Publishing: 1984. 

20. Mohos SC, Wagner BM. Damage to collagen 
in corneal i immune injury. Arch Pathol Lab Med. 
1969; 

21. Iw amoto T, Witmer R, Landolt E. Light and 
electron microscopy in absolute glaucoma with pig- 
ment dispersion phenomena and contusion angle 
deformity. Am J Ophthalmol. 1971,72:420-434. 

22. Killingsworth MC. Age-related components 
of Bruch’s membrane in the human eye. Graefes 
Arch Clin Exp Ophthalmol, 1987;225:406-412. 

23. Cravioto H. Lockwoed R. Long spacing col- 
lagen in human acoustic nerve tumours: in vive and 
in vitro observations. J Ultrastruct Res. 1968; 








Currently in Other AMA Journals 


ARCHIVES OF PATHOLOGY & LABORATORY MEDICINE 





material. This may diffuse through the _ 
tissue and polymerize to collagen or to — 
BLD, depending on the microenviron- 
ment. The production of an excessive 

amount of glycosaminoglyecans might 
be a determining factor. Therefore, - 
BLD might be a symptom of general. 
degenerative changes. Further re- 

search is needed to investigate the role 

of the RPE and the exact composition 

of BLD. 
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Photo Essay 


Edited by Malcolm N. Luxenberg, MD 


Conjunctival Nodules Associated With the 


Splendore-Hoeppli Phenomenon 





Fig 1.—Subconjunctival nodules with hyperemic vessels (right eye). 


Fig 3.—Subepithelial conjunctival granuloma with giant cells sur- 
rounding eosinophilic debris (hematoxylin-eosin, original magnifica- 


tion x 70). 


healthy 10-year-old boy presented 
with a 2-week history of a red right 
eye. Large yellow nodules associated with 
hyperemic vessels were present in the bul- 
bar conjunctiva of both eyes (Fig 1), with a 
bilateral limbitis and mixed papillary and 
follicular upper tarsal conjunctival reaction 
(Fig 2). Systemic examination results were 
normal except for an eosinophilia and a 
weakly positive Torocara titer. Parasites 
were absent from the stools. 
Histopathologic examination of the right 
bulbar conjunctival nodules showed granu- 
lomas with a Splendore-Hoeppli phenome- 
non. No parasites were identified in mul- 
tiple sections; cultures and stains for 
Nocardia, mycobacteria, and fungi were 
negative. The symptoms and signs resolved 
within 4 months with no further treatment. 


COMMENT 


In 1979, Ashton and Cook’ described 
the Splendore-Hoeppli phenomenon 
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reaction. 


occurring in eosinophilic nodules in the 
eyelid, episclera, and conjunctiva. This 
phenomenon was first described in re- 
lation to fungal spores and Schisto- 
soma eggs. It is an eosinophilic amor- 
phous precipitate consisting of debris, 
particularly from eosinophils, and 
granular material, probably an anti- 
gen-antibody complex. Of 22 cases 
studied histologically, the causative 
agent, a nematode, was diagnosed in 
only four, although a parasitic cause 
was suspected in 10 of these cases. 
This ocular and histologic appearance 
(Figs 3 and 4) has also been described 
in cases of caterpillar hair injury, and 
similar nonocular granulomas may oc- 
cur in Loeffler’s disease, in which the 
etiologic agents are diverse.” The ocu- 
lar condition appears to be local, al- 
though a blood eosinophilia may exist. 





Fig 2.—Mixed papillary and follicular upper tarsal conjunctival 





Fig 4.—Eosinophilic debris in the center of granuloma (hematoxylin- 
eosin, original magnification x 180). 


Nodules, as in our patient, may resolve 
spontaneously, but topical steroid 
treatment has been reported to be of 
value. A parasitic infection should be 
ruled out. 


JOANNA M. M. Lawson, 
FRCS, FCOPHTH 

JOHN K. G. DART, MA, FRCS, 
FCOPHTH 

ALISON C. E. MCCARTNEY, 
MRCPATH, FCOPHTH 
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Surg ical Technique 


‘Surgical Correction of Lower-Eyelid Tarsal 
Ectropion by Reinsertion of the Retractors 








David T. Tse, MD; Jan W. Kronish, MD; Delyse Buus, MD 


-= <- Lower-eyelid tarsal ectropion is an 
unusual form of eyelid malposition in 
-which the entire lid is everted. The cause 
is most likely the disinsertion of the 
- lJower-eyelid retractors. In 12 eyelids of 
_ six patients, a transconjunctival ap- 
proach was used to reunite the retractors 
with ‘the inferior tarsal border. In eight 
eyelids, a horizontal tightening proce- 
dure was also needed. The looping pas- 
sage of fornix sutures through the full 
thickness of the eyelid created a vector 
“force that helped rotate the lid margin 
inward. The subsequent formation of an 
Inflammatory cicatrix induced by the ab- 
sorbable sutures also contributed to 
maintain the lid in an upright posture. 
During follow-up periods ranging from 8 
to 36 months, there were no instances of 
-overinversion, recurrent ectropion, or 
` Suture abscess. 
: atch Ophthalmol. 1991;109:427-431) 


Nhe term tarsal ectropion was coined 
by Fox’ to deseribe an unusual form 
of ectropion that is not entirely due to 
horizontal laxity of the tarsoligamen- 
tous sling. In patients with this entity 
the lid is completely everted, with the 
tarsal plate turned essentially upside 
down. The palpebral conjunctiva is 
turned outward and the lower border 
of the tarsus is flipped up to the level 
of the inferior limbal margin. Concomi- 
tant horizontal lid laxity may also be 
present, but is usually not striking. 
Anterior lamella tightness is not com- 
monly associated with this entity un- 
less secondary contracture has oc- 
curred. 

Putterman’ and Wesley’ attributed 
this type of ectropion to disinsertion or 
dehiscence of the lower-eyelid retrac- 
tors (capsulopalpebral fascia and 
Müllers muscle) at the inferior tarsal 
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border. The retractors were disin- 
serted all across the eyelid and only 
the conjunctiva was attached to the 
base of the tarsus.“ Tarsal ectropion is 
usually seen in older persons,” but it 
may occur in younger persons as well.’ 
Putterman’ corrected this condition by 
reattaching the disinserted Müller's 
muscle and capsulopalpebral fascia to 
the inferior tarsus via an anterior ap- 
proach. Wesley” described an internal 
approach in which a horizontal wedge 
of redundant palpebral conjunctiva 
was excised and the retractors were 
reattached to the inferior tarsal 
border. 

We describe an alternative treat- 
ment analogous to the medial spindle 
technique in correcting punctal ectro- 
pion.’ In this technique, a transcon- 
junctival approach is used in which the 
retractors are reunited with the inferi- 
or tarsal margin without the excision 
of palpebral conjunctiva. 


MATERIALS AND METHODS 


The lower lid is anesthetized with a sub- 
cutaneous injection of 2% lidocaine (Xylo- 
caine) with a 1:100 000 dilution of epineph- 
rine. A small amount of anesthetic is also 
injected under the conjunctiva along the 
length of the eyelid. A 4-0 silk suture is 
placed through the central lid margin for 
traction. An infratarsal conjunctival snip 
incision is made with a Westcott scissors 
until the postorbicular fascial plane is iden- 
tified. The incision is extended medially and 
laterally across the length of the eyelid (Fig 
1). Hemostasis is obtained with a bipolar 
cautery. Sharp dissection within the postor- 
bicular fascial plane is carried toward the 
inferior orbital rim until the orbital fat pads 
are identified. 

The orbital fat pad is a key landmark to 
identify, since the retractors lie immediate- 
ly posterior to this structure. The orbital 
fat pads are retracted anteriorly with a 
Desmarres retractor. The disinserted ante- 
rior edge of the retractors can usually be 
seen several millimeters below the conjunc- 
tival incision. To identify the lower-eyelid 
retractors with certainty, the disinserted 
edge of the retractors is grasped with a 
tissue forceps and the patient is asked to 








look down. One should feel a downward pull 
if the retractors are grasped by the forceps. 
The disinserted edge of the lower-eyelid 
retractors is then reattached onto the infe- 
rior border of the tarsal plate by “using 
three sets of double-armed 5-0 chromic su- © 
tures. These sutures should be evenly -- 
spaced along the length of the lid. One-arm- 
of the suture is initially passed horizontally 


through the retractors at the lower edge of 


the incision (Fig 2). While a tissue forceps is _ 
everting the infratarsal edge, the needle is 
passed through the tarsus in a backhand 
fashion (Fig 3). The second arm is passed 
about 5 to 6 mm from the first in the same- 
manner. 

After passing both arms of the suture, 
the suture is pulled superiorly, joining the 


edge of the retractors to the inferior tarsal: 2 


border. With forceps grasping the inferior- 
conjunctival edge of the incision, the needle 
is passed deep into the inferior fornix (Fig 
4) through the full thickness of the eyelid to 
emerge from the skin about 12 to 15 mmoc 
inferior to the lid margin (Fig 5). The other 
arm of the suture is passed in the same. 
fashion. The other two sets of sutures. are 
passed 4 to 5 mm apart in an identical 


manner (Fig 6). The three sets of sutures: 


are then tied on the skin surface without 
the use of bolsters. : 

When tying the sutures, there will bean 
immediate inversion of the lid margin. (Fig 
7). A deep lower eyelid crease is also 
formed, which disappears following absorp- 
tion of the sutures (Fig 8). Care should be- 
taken not to tie these sutures so tightly as- 
to overinvert the lid margin and produce 
entropion. To verify the proper reattach- 
ment of the retractors to the tarsal plate, < 
the patient is asked to look down, and a 
smooth downward excursion of the lower 
eyelid should be seen. If concomitant horis- 
zontal lid laxity is present, a lateral tarsal © 
strip procedure” can be performed. Itis- 
unnecessary to resect any palpebral con- 
junctiva after reattachment of the retrac- 
tors. Direct closure of the conjunctival inci- 
sion is also unnecessary. The traction 
suture is removed and the topical antibiotic 
ointment is applied on the suture’ knots and 
in the inferior fornix. The chromic sutures 
are left in place to absorb. 


RESULTS 


We have performed this procedure _ 
on 12 lower eyelids in six patients with. 
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bilateral tarsal ectropion. There were 
five men and one woman; their ages 
ranged from 55 to 82 years. In all 12 
lower eyelids, the retractors were 
found to be disinserted from the infra- 
tarsal border at the time of surgical 
exploration. Eight evelids in four pa- 
tients had coexisting horizontal laxity 
requiring a lateral tarsal strip proce- 
dure to tighten the eyelid. Two pa- 
tients had bilateral, persistent, tarsal 
ectropion even after undergoing two 


horizontal tightening procedures. 
Their eyelid malppsition problems 


were corrected by the technique de- 





scribed above, without the need to 
retighten the lids at the lateral can- 
thus. All eyelids have remained in 
anatomie position after postoperative 
follow-up periods ranging from 8 to 36 
months. There have been no instances 
of overinversion, recurrent ectropion, 
suture abscess, or inferior fornix 
shortening. 


COMMENT 


The lower-evelid retractors consist 
of both the capsulopalpebral fascia and 
Müllers muscle. The capsulopalpebral 
fascia originates as the capsulopalpe- 


Fig 1.— Surgeon's view from the head of the operating table. The forceps hold the edge of the 
lower-eyelid retractors. The orbital fat pad is located anterior to the retractors (arrow). 


bral head, with delicate attachments to 
the inferior rectus muscle and tendon. 
The capsulopalpebral head divides into 
two portions as it extends around and 
fuses with the sheath of the inferior 
oblique muscle. Anterior to the inferi- 
or oblique muscle, the two portions of 
the capsulopalpebral head rejoin to 
form Lockwood's ligament. The fascial 
tissue anterior to Lockwood’s ligament 
is termed the capsulopalpebral fascia. 
A large portion of the capsulopalpebral 
fascia and Müllers muscle proceeds 
anteriorly to insert on the inferior for- 
nix and to form the Tenon’s capsule on 
the globe. The rest of the capsulopal- 
pebral fascia then proceeds up to insert 
onto the inferior margin of the tarsal 
plate.” The attachment of retractors 
onto the infratarsa! border stabilizes 
the posterior lamella, preventing the 
eyelid from spontaneously rotating 
along the horizontal axis. 

Disinsertion of the lower-eyelid re- 
tractors from the inferior tarsal border 
renders the eyelid unstable, thus pre- 
disposing it to the development of ei- 
ther ectropion or entropion. Differen- 
tial vector forces between the anterior 
and posterior lamella often determine 
whether ectropion or entropion will 
result. 

The disinsertion of lower-eyelid re- 
tractors in the absence of horizontal 
laxity or anterior lamella shortage is 
the most difficult element of an ectro- 
pic eyelid to recognize clinically.’ In 
patients with disinsertion or dehis- 
cence of lower-eyelid retractors, there 
are four clinical clues one may identify. 
These clinical clues are similar to those 


Fig 2.—The needle engaging the edge of the lower-eyelid retractors. 
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found in an entropic eyelid: (1) deeper 
inferior fornix (because the capsulopal- 
pebral fascia sends attachments to the 
inferior fornix, when the retractors are 
disinserted from the tarsus it pulls the 
inferior fornix inward, thereby deep- 
ening the inferior fornix); (2) higher 
resting lower lid position (because the 
retractors are no longer attached to 
the inferior margin of the tarsal plate, 
when the involved eyelid is pulled out 
of its ectropic position, the lid margin 
often has a higher resting position); 
(3) diminished lower-eyelid excursion 
on downgaze’ due to the absence of 





attachment of the retractors to the 
tarsal plate: and (4) the disinserted 
edge of the retractors can be seen 
through the conjunctiva.’ This sign has 
not been useful because the inferior 
fornix is often injected due to chronic 
lid eversion. The location and extent of 
the disinsertion of the retractors will 
determine clinically whether the pa- 
tient will have isolated punctal ever- 
sion or frank tarsal ectropion. 

Tarsal ectropion is a striking and 
unusual form of ectropion in which the 
entire tarsal plate is everted. Both 
Putterman’ and Wesley” have identi- 


| Setanta EE 


fied detachment of the retractors as 
the cause of this form of eyelid malpo- 
sition? Putterman® corrected this con- 
dition by reattaching the disinserted 
Müllers muscle and capsulopalpebral 
fascia to the inferior tarsus via an 
anterior approach. Frueh and Schoen- 
garth, however, advised that reinser- 
tion of lower-lid retractors to the infra- 
tarsal edge should be performed 
through a transconjunctival approach 
so that any scar formation in the epi- 
thelial portion of the incision will work 
toward correcting ectropion rather 
than making it worse. 


Fig 3.—A backhand pass of the needle through the inferior tarsal edge. 











Fig 4.—A forceps pulls up on the conjunctival edge while a needle is passed into the inferior fornix. 


Arch Ophthalmol— Vol 109, March 1991 


Tarsal Ectropion—Tseetal 429 





reo 














FT ai A a nen aa a a a anne 


Fig 5.— The needle passes through the full thickness of the eyelid. emerging from the skin surface about 12 to 15 mm 
inferior to the lid margin (arrow). 


Fig 6.—Three sets of sutures are evenly 
spaced along the lid. 





Fig 7.—Left, Preoperative appearance of a patient with persistent bilateral tarsal ectropion after two horizontal tightening 
procedures. Right, Immediate inversion of the lid margin after the sutures are tied. No horizontal lid—tightening procedure 
was performed. The deep eyelid crease disappears after absorption of the sutures. 
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Fig 8.—Left, Preoperative appearance of another patient with persistent bilateral tarsal ectropion. Right, Postoperative 
appearance 8 months following placement of inversicn sutures and the lateral tarsal-strip procedure. 








Fig 9.—Saggital view of suture passage through the lower eyelid. 


Wesley’ commented that dissection 
using Putterman’s approach was more 
difficult and described an internal ap- 
proach for reattachment of the disin- 
serted retractors. In Wesley's ap- 
proach, a wedge of redundant 
conjunctiva was also excised and all 17 
eyelids in the series required addition- 
al horizontal lid tightening. In our ex- 
perience, a simple transconjunctival 
reattachment of the retractors to the 
tarsal plate with or without horizontal 
lid tightening was still inadequate to 
effect a complete inversion of the lid 
margin in some cases of tarsal ectro- 
pion. This, we believe, was due to a 
lack of an inversion vector force to 
overcome the pulling influence of the 
anterior lamella. A modification of the 
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simple closure technique described 
here emphasizes four factors that are 
important in the successful correction 
of this condition. 

First, the union of lower-eyelid re- 
tractors to the inferior edge of the 
tarsal plate reestablishes the normal 
anatomic alignment. This is a key pre- 
requisite since the retractors are re- 
sponsible for the inversion effect. Sec- 
ond, the looping passage of the sutures 
induces a vector force that pulls the 
tarsal plate downward and rotates the 
lid margin posteriorly. This inversion 
vector force counteracts any outward 
pulling effect imparted by the anterior 
lamella (Fig 9). Third, the passage of 
slowly absorbable sutures through the 
full thickness of the lower eyelid pro- 
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Fig 10.—Formation of a cicatrix to keep the lid margin upright. 


duces enough inflammatory reaction to 
create a cicatrix. This augments the 
inversion effect and helps to keep the 
lid margin in proper position after ab- 
sorption of the sutures (Fig 10). 
Fourth, surgery is accomplished 
through the transconjunctival ap- 
proach such that scar formation in the 
posterior lamella contributes to lid 
margin inversion. 

This technique can be combined with 
a horizontal lid-shortening procedure if 
laxity of the lower lid accompanies the 
tarsal ectropion; if not, it can be per- 
formed alone. This procedure corrects 
even the most severe form of tarsal 
ectropion provided that secondary an- 
terior lamella contracture has not 
occurred. 
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Mtg At: Monterey Dates: 6/15/01 to 6/19/91 
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Current Concepts in Pediatric Ophthalmol & 
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4/16/91 Sponsor: CME, Univ of Minnesota Sch 
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Univ of Minnesota Med Sch, Box 202 UMHC, 
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(612) 626-7600 
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& Throat Hosp, 210 E 64th St, New York, NY 
10021; (212) 605-3761 


Fluorescein Workshop At: New York Date: 
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contains more than 80 sample forms developed by the AMA's Office of the General 


Counsel, along with discussions explaining the use and structure of the forms 


Only Medicolegal Forms with Legal Analysis assembles this valuable 
information so conveniently for adaptation to individual practice situations. 
Order your copy today; call toll-free 1-800-621-8335 
Order #OP630290 AMA Member $25 Non-member $32 


HPO11 


ISTIAN OPHTHALMOLO: 


- SOCIETY 





Fifteenth Annual Meeting j 


JUNE 20-23, 1991 
CALLAWAY GARDENS, GEORGIA 








= Doctor - here is the meeting you have been waiting for! Where else can you go to experience — 
a beautiful and scenic location - attend a meeting specifically aimed at your entire family with great 
facilities for spouses and children - meet with other ophthalmologists who love the Lord and who 
realize that our nation desperately needs a true revival - get your spiritual battery recharged Ii from i 
the professional burnout now pulling you down - and still get to hear: ao 





John A. McCrary, MD - Neuroimaging 

J. Lawton Smith, MD - Ocular Spirochetal Advances 

Robert L. Tomsak,MD - Controversies in Temporal Arteritis 

Bradley K. Farris, MD - Decisions in Neuro-ophthalmology 

Steven L. Galetta,MD - Neuro-ophthalmology of AIDS 

Robert Lingua, MD - Surgical Issues in Juvenile Cataract Surgery 

George Blankenship, MD - Current Status of Diabetic Retinopathy Management | 
Kent Small, MD - Genetics Update in Ophthalmology 

J. James Rowsey, MD - Excimers - Exciting But Expensive 

Al Thomas, MD - Biblical Perspectives in Medical Practice 


Plus many other excellent speakers, testimonies, with wonderful music and knock-out food as well? __ 
There are even grants available for medical students, interns, residents, and fellows, medical — 
missionaries, others in need - to help defray your expenses, so don’t stay away from this meeting 
because of your finances! As a joint sponsor of the meeting, the Medical Association of Georgia desig- / 
nates this activity for 45 credit hours, AMA/PRA Category I. For details, copies of the program, and - 


other information, write: Charles L. Calhoun, MD 
PO Box 4276 
Columbus, Georgia 31995 












(Continued from p 434.) 

< Course Coord, Manhattan Eye, Ear & Throat 
Hosp, 210 E 64th St, New York, NY 16021; (212) 
838-9200; FAX (212) 832-9126 š 


Manhatian Eye, Ear & Throat Hosp, Dept of 
Ophthalmol Alumni Symp At: New York Dates: 
5/10/91 to 5/11/91 Contact: Kimberly Corbin, 
Course Coord, Dept of Ophthalmol, MEETH, 
210 E 64th St, New York, NY 16021; (212) 605- 
3761; FAX (212) 753-7689 





Pediatric Ophthalmol Symp At: New York Date: 
5/25/91 Sponsor: Dept of Ophthalmol, Manhat- 
tan Eve, Ear & Throat Hosp Contact: Kimberly 
Cerbin, Course Coord, Dept of Ophthalmol, 
MEETH, 210 E 64th St, New York 10021; Tel: 
(212) 605-3761; FAX: (212) 753-7699 








Diagnostic Imaging of the Eye & Orbit: Ultra- 
‘sound, CT & MRI At: New York Dates: 5/1/91 
& 6/11 Contact: Suzanne Woods, RN, Dept of 
Ophthalmol, The New York Hosp-Cornell Med 
Cty, 525 E 68th St, New York, NY 10021; (212) 
746-2504 


The Fourth Ann Paul Henkind Day Ophthalmol 
Symp: Ocular Trauma At: New York Date: 
6/7/91 Hrs Instr: 6.5 Reg Fee: $225 Contact: 
Danny Flood, Albert Einstein Coll of Medicine/ 
Montefiore Med Ctr, Office of CME, 3301 Bain- 
bridge Ave, Bronx, NY 10467; (212) 920-6674 









Masters of Cataract Surg At: New York Date: 
BHOI to 6/8/91 Sponsor: Dept of Ophthalmelo- 
gy, Manhattan Eye, Ear & Throat Hosp Con- 
tact: Kimberly Corbin, Course Coord, Dept of 
Ophthalmol, MEETH, 210 E 64th St, New York, 
NY 10021; Tel (212) 605-3761; FAJ 2) 753- 
7699 







Jules Stein Eye Institute 
LA School of Medicine 


and 


Doheny Eye Institute 
USC School of Medicine 


Poul 
a 
acena. 
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Doheny 


MEDICAL AND SURGICAL 


RETINA IN THE 1990s 


October 11-12, 1991 


Prior to the American Academy 
of Ophthalmology meeting 


Course Directors 


Hilel Lewis, M.D. 
Stephen J. Ryan, M.D. 


The Beverly Hilton Hotel 
Beverly Hills, California 








Ann Ophthalmol Conf Featuring the 36th Ann 


Albert C. Snell Mem Lect At: Rochester Dates: 
4/18/91 to 4/20/91 Contact: Univ of Rechester 
Med Ctr, Office of Cont Prof Educ, 661 Elmwoad 
Ave, Bax 677, Rochester, NY 14642; (716) 275- 
4392 


N CAROLINA 


The Duke Eye Ctr Spring Symp At: Duriam 

Dates: 5/16/91 to 5/18/91 Reg Fee: $150 for 
ophthalmologists, $100 for residents, fellows & 
allied health personnel Contact: George An- 
drews, Duke Eye Ctr, Bex 3802, Durham, NC 
27710, (G19) 684-8748 





OHIO 


Ocular, Adenexal & Orbital Infections & infiam- 
mation Dis At: Cleveland Dates: 65/91) to 
6/15/91 Contact: The Cleveland Clin Educ 
Found, Dept of CE, PO Box $4977, Cleveland 
OH 44195-5241; (216) 445-9406 or 1-800-762-8178 






PENNSYLVANIA 


16th Ann Ophthalmol Rev Course At: Piiladel- 
pina Dates: 3/16/01 to 3/2041 Hrs Instr: 41 Reg 
Fee: $600, practicing phys & fellows: $300, resi- 
dents {with letter from prgm chairman) Contact: 
Wills Eye Hosp, Dept of CME, Sth & Walnut 
Streets, Philadelphia, PA 19107; (215) 440-3168 





Wills Eye Hosp Ann Conf and Joint Mtg With 
Pennsylvania Acad of Ophthalmol At: Phila- 
delphia Dates: 4/11/91 to 4/13/91] Hrs instr: 16 
Reg Fee: $295 for prac phys, $100 for retired 





Course Faculty 


Gary Abrams, M.D. 

George Blankenship, M.D. 
Mark Blumenkranz, M.D. 
Stanley Chang. M.D. 
Gabriel J. Coscas, M.D. 
Donald J. D’amico, M.D. 
Stuart L. Fine, M.D- 

H. MacKenzie Freeman, M.D. 
J. Donald Gass, M.D. 

Bert M. Glaser, M.D. 

Lee M. Jampol, M.D. 

Peter Leaver, M.D. 

Harvey A. Lincoff, M.D. 
Brooks W McCuen, H, M.D. 
Travis A. Meredith, M.D. 
Robert P Murphy, M.D. 
Carmen A. Puliafito, M.D. 
Howard Schatz, M.D. 

Yasuo Tano, M.D. 

William S. Tasman, M.D. 
Matthew A. Thomas, M.D. 
Michael T. Trese, M.D. 
Lawrence A, Yannuzzi, M.D. 


UCLA Retina Faculty 
and 
USC Retina Faculty 


USA. 





This intensive and practical course will cover the 
most recent advances and innovations, contro- 
versies, and management of medical and surgical 
retinal problems such as age-related macular 
degeneration, complicated retinal detachments, 
choroidal neovascularization, cystoid macular 
edema, diabetic retinopathy, dislocated intraocular 
lenses, endophthalmitis, giant retinal tears, 
inflammatory and infectious retinitis, intraocular 
tamponade, lasers, macular holes, proliferative 
vitreoretinopathy, and retinopathy of prematurity 
among others. National and international speakers 
will address each subject with lectures and audio- 
visual presentations, Active audience participation 
in discussions will be encouraged. 





phys. residents. & fellows Contact: Jeanne 
Coughlin, Mig Manager, 1621 Norristown Rd, 
Maple Glen, PA 19002: (215)-641-9569 


Glaucoma Symp At: Philadelphia Date: 5/19/91 

Hrs instr: 3 Contact: Mary Martino, Coord, 
CME, Dept of Ophthalmol, Scheie Eve Inst, 
Myrin Circle, 51 N 39th St, Philadelphia, PA 
19194; (215) 662-8119 






The 27th Ann Spring Mtg of the Pittsburgh 
Ophthalmo! Soc & the Dept of Ophthalmol, 
Univ of Pittsburgh Sch of Med At: Pittsburgh 
Dates: 3/22/91 to 3/23/91 Reg Fee: $250 for 
physicians, $125 for residents Contact: Pat Ken- 
nerdell, POS Executive Asst, 2545 Mosside 
Blvd, Monroeville, PA 15146; (412) 243-8845 





The 12th Ann Symp for Allied Ophthalmic Per- 
sonnel At: Pittsburgh Dates: 3/22/91 to 3/23/01 
Reg Fee: $75 Sponsor: Pittsburgh Ophthalmol 
Soc Contact: Pat Kennerdell, POS Executive 
Asst, 2545 Moaside Bivd, Monroeville, PA 15146; 
(412) 243-8845 





S CAROLINA 


South Carolina/North Carolina Soc of Ophthal- 
moi 1991 Ann Scientific Session At: Charles- 
ton Dates: 4/4/91 to 4/6/91 Hrs Instr: 7 Contact: 
Debbie Shealy, South Carolina Soe of Ophthal- 
mol, PO Box 11188, Columbia, SC 29211; (803) 
798-6207 


TENNESSEE 


Memphis Eye Convention & Univ of Tennessee 
20th Ann Ophthalmol Residents Day At: Mem- 
(Continued on p 438.) 





Registration Fee, $500.00 

CME Category | Credit, 16 hours 
For Information: 

Gretchen Falvo 

Director of Academie Programs 
Jules Stein Eye Institute 

100 Stein Plaza, UCLA 

Los Angeles, California 90024-7000 


(213) 825-4617 
(213) 206-3652 FAX 











University of Southern California 
School of Medicine Postgraduate Division 
and the Department of Ophthaimology 


Present 


- CURRENT OPHTHALMOLOGY: 
1. A Review for the Practicing Ophthalmologist 














Subspecialties Included: 

* Anterior Segment Surgery 

* Glaucoma 

* Neuro-Ophthalmology and Orbit 

* Ophthalmic Plastic and 
Reconstructive Surgery 

* Pediatric Ophthalmology and 
Strabismus 

* Retina Vitreous 

* Ultrasonography 
















August 3-10, 1991 
Mauna Kea Beach Hotel, Kamuela, Hawaii 






Tuition: $630.00 
28.25 AMA/CMA Category | Credit 


-For registration or information: B. Johnson, USC School of 
Medicine, 1975 Zonal Avenue, Los Angeles, CA 90033. 
Telephone: (213) 342-2545 or FAX (213) 342-2152 

























ADVANCED 
VITREORETINAL 


SYMPOSIUM 


July 25—27, 1991 


The Hyatt Regency 
Milwaukee, WI 





MEDICAL 


COLLEGE 


OF WISCONSIN 
EYE INSTITUTE 


Course Director 
William F. Mieler, M.D., FACS 








Guest Faculty 
Thomas Aaberg, M.D. Harry W. Flynn, M.D. 
Atlanta, GA Miami, FL 
George Blankenship, M.D. Brooks McCuen, M.D. 
Hershey, PA Durham, NC 
Stanley Chang, M.D. Michael T. Trese, M.D. 
New York, NY Royal Oak, MI 


Relya Zivojnovié, M.D. 
Antwerp, Belgium 





Viereoretinal Faculty, The Medical College of Wisconsin 
Gary W. Abrams, M.D. Dennis P. Han, M.D. 
Thomas. C. Burton, M.D. William F. Mieler, M.D. 
“REGISTRATION LIMITED + CME Credits Available 

> Early Registration (by 5/15/91)-$400 
Late Registration-$450 Residents/Fellows—$200 
- For further information, contact: William F. Mieler, M.D. 


: Eye Institute / Medical College of Wisconsin 
W. Wisconsin Ave., Milwaukee, WI 53226 © (414) 257-5544 








Devers Eye Institute 









+ and the 


Department of Ophthalmology _ 
Good Samaritan Hospital & Medical Cente 


| 
| 
| 





Thorny Issues In 
Glaucoma & 
Neurophtiatnol gy 
June 13-14,1991 


Devers Eye Institute 
1040 NW eee Reais Avenue 
Portland, Oregon 


FACULTY 


Jonathan Trobe, MD 
WK Kellogg Eye Center 
2o of Michigan, Ann Arbor, MI 


er A. Hitchings, FRCS 
sol ds Eye Hospital, London, England 


pene D. Kline, MD 
hon of Alabama , School of Medicine 
Birmingham, AL 


Richard F. Brubaker, MD 
Mayo Clinic, Rochester, MN 


FEES 


(includes banquet) 





Practicing Physicians: $300 if paid by June t : : 
$400 thereafter 
$110 if paid byJunel 
$125 thereafter 


Residents, Fellows:* 


*(Qualifying letter from department head required) : 
This program is acceptable in Category I credit = 


can Medical Association. 

A seminar will be provided for technical and 
clerical support staff. 

OMA Loss Prevention Workshop to be held 
Saturday, June 15, 1991. 


For further information, contact: 

Yvonne Miller-Ross, Conference Coordinator 
Professional Education Services 

1015 NW Twenty-Second Avenue 

Portland, Oregon 97210 

fa 229-7695 














for the Physician Recognition Award of the Se 7 


















(Continued from p 436.) 

_ plas Dates: 4/13/91 to 4/14/91 Reg Fee: $195 
“(before 3/22/91) Contact: Thomas C. Gettel- 
finger, MD, Dir, Memphis Eve Convention? 6485 
“Poplar Ave, Memphis, TN 38119; (901) 767-3937 


TEXAS 


. 13th Ann Dallas Spring Ophthalmol Symp: La- 
< sers in Ophthalmol: Theory and Workshops 
At: Dellas Dates: 4/5/91 to 4/6/91 Reg Fee: $400 
for physicians before 3/15/91; $450 for physicians 
after 3/15/91; $100, for residents & allied health 
eare profs) Contact: Paula M, Hall, Prem 
Coord, Office of CME, Presbyterian Healthcare 
Sys, 8160 Walnut Hill Lane, Dallas, TX 75231; 
(214) 891-2223 


~~ Saturday Sem Series: Ptosis & Blepharoplasty 
At; Dallas Date: 5/4/91 Hrs Instr: 4 Reg Fee: $50 
Contact: Eleanor J. Goldsmith, EdD, Educ 
Coord, Dept of Ophthalmol, UT Southwestern 
Med Ctr, 5323 Harry Hines Blvd, Dallas, TX 
5285-9057; (214) 688-3848 


The Sixth Ann Cullen Course: Clin Adv in 
“Ophthalmol for the Prac Ophthalmologist At: 
Houston. Dates: 3/15/91 to 3/17/91 Contact: Lila 
‘Lerner, Office of Cont Edue, Baylor College of 
Med, One Baylor Plaza, Houston, TX 77030; 
(713) 798-6020 











VIRGINIA 





_ Ann Mig, Virginia Soc of Ophthalmol At: Reston 

= Dates: 5/10/91 to 5/11/91 Contact: Donna Scott. 
4205 Dover Rd, Richmond, VA 23221; (804) 353- 
2721 











WASHINGTON. 


Cornea Update for the Prac Ophthalmologist- 
1991 At: Seattle Date: 5/11/91 Hes instr: § Reg 
Fee: $110 Contact: Linda Orgel, Virginia Mason 
Clin, D1-CME, Seattle, WA $8111; (206) 223- 
6898 


W VIRGINIA 


44th Ann Natl Spring Mtg At: White Sulphur 

Springs Dates: 4/25/91 to 4/28/91 Contact: Patri- 
cia Schumann, Conf Coord, West Virginia Acad 
of ee PO Box 6302, WVU Health Sei 
Ctr, N, Morgantown, WV 26506; (304) 293-3757 


WISCONSIN 


Curr Concepts in Ophthalmol At: Kohler Dates: 
6/7/91 to 6/9/91 Hrs Instr: 10.5 Reg Fee: $275 
prior to 4/1/91, $325 after 4/1/91 Sponsor: The 
Eye Inst-Med Coll of Wisconsin & the Wisconsin 
Acad of Ophthalmol Contact: Gary W. Abrams, 
MD, Med Coll of Wisconsin, 8708 W Wisconsin 
Ave, Milwaukee, WI 53226; (414) 257-5353 


Adv Vitreoretinal Symp At: Milwaukee Dates: 
T/25/91 ta 7/27/91 Reg Fee: $400 y 15; 345 
after May 15; $200, residents/fellows Contact: 
Wiliam FL Mieler, MD, Eye Inst/Med Coll of 
Wisconsin, 8700 W Wisconsin Ave, Milwaukee, 
WI 53226; (414) 257-5544 





FOREIGN 


Macular Disease in Gen Ophthaimol At: Mon- 
treal, Quebec, Canada Dates: 44/91 to 4/5/91 
Contact: Entretiens Ophthalmologiques de PUn- 


iversite de Montreal, 2250 est Boul St-Joseph, 
Montreal; Quebec, Canada, H2H 163; (514) 525- 
6420 or (514) 525-3888 


17th Ann Mtg/The American Assn for Pediatric 
Ophthalmol & Strabismus At: Montreal, Que- 
bec, Canada Dates: 5/15/91 to 5/19/91 Contact: 
Tricia Stevens-Petras, 305 Twin Ridge Lane, 
Richmond, VA 23285; (804) 320-2833 


Canadian implant Assoc 17th Ann Mtg At: 
Montreal, Quebec, Canada Dates: 6/14/91 to 
6/15/91 Contact: Marvin L. Kwitko, MD, Prem 
Chairman, 5581 Cote des Neiges Rd, Montreal, 
Quebec, Canada, H8T 1Y8; (614)735-1138 


Sth internati Contact Lens & Anterior Segment 
Conf At: Toronto, Ontario, Canada Contact: 
Harold A. Stein, MD, 40 Prince Arthur Ave, 
Toronto, Ontario, Canada, M5R 149; (416) 966- 
3336 


The 24th Panhellenic Ophthalmolological Con- 
gress with Internati Participation: Technology 
in Ophthalmol At: Corfu, Greece Dates: 5/24/91 
to 5/27/91 Sponsor: Hellenic Ophthalmological 
Sec Contact: President, Prof S. Liarikos, Secre- 
tariat of the 24th Panhellenie Ophthalmological 
Congress, 10, Loukianou St, 106 75 Athens, 
Greece; Tel: (01) 72.30.841 & 72.28.784; FAX: 
(01) 72.18.276 


Fourth Internati Cataract, Implant, Microsurg & 
Refractive Keratoplasty (ICIMRK) Mtg At: 
Seoul, Korea Dates: 5/8/91 to 5/10/91 Contact: 
Jae Ho Kim, MD, Dept of Ophthalmol, Kangnam 
St Marys Hosp, Catholic Univ Med Coll, 505, 
Banpo-dong, Seeeho-ku, Seoul 137-040, Korea; 
Tek 82-2-593-5141, 612 (ext 1885); FAX: 82-2- 
583-6718 





BASIC SCIENCE COURSE 
mn OPHTHALMOLOGY 


AT STANFORD July 1 through August 29, 1991 me 


RS 


FERRE 


ae fay, 


Learn the fundamentals of ophthalmology, through intensive lecture and laboratory work, at beautiful 
Stanford University near San Francisco. Both American and foreign participants are welcome. 


Sections include Anatomy, Microbiology and External Diseases, Pathology, Retinal Physiology and 
Biochemistry, Embryology, Genetics, Motility, Glaucoma, Pharmacology, Neuro-ophthalmology, 
Fluorescein Angiography, Optics and Theory of Refraction, and other important shorter subjects. 


Instructors include Doctors C. Beard, J. Bettman, D. Char, C. Dawson, D. Demartini, R. Dryden, 
P. Egbert, J. Eliason, M. Fishman, A. Flach, D. Guyton, J. Hetherington, C. Hoyt, M. Marmor, 

G. Paris, H. Schatz, A. Scott, W. Scott, T. Shults, G. Smolin, W. Spencer, S. Williams and many 
other enthusiastic teachers on the faculty of 60. 


Sponsored by the Department of Ophthalmology, Stanford University School of Medicine and 
presented in cooperation with the University of California, Davis; Pacific Presbyterian Medical 
Center; and the University of California, San Francisco. 


Tuition is $1750. Students may arrange to attend individual sections or divide the course between 
two years. For further information and application forms, please write to Basic Science Course; 


P.R. Egbert, M.D., Director; Department of Ophthalmology, A-157; Stanford Medical Center; 


‘Stanford, CA 94305-5308. 
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13th Annual Dallas 
Spring Ophthalmology Symposium — 


Presbyterian 
Hospital of Dallas 


A Member of the Preabytenan Healthcare System 


Friday and Saturday, April 5-6, 1991 


Lasers in Ophthalmology 
Theory and Workshops 


Present and future laser technology in glaucoma, 
cornea and retina diseases: 


cyclophotodestruction, holmiumelaser scleroatomy, 

laser trabeculoplasty, indirect ophthalmoscope laser, 

rationale for various lengths, excimer laser and _ 
other keratorefractive procedures: 


Key Speakers: 


Stephen L. Trokel, M.D. 
Columbia University 


Richard L. Lindstrom, M.D. 
University of Minnesota 


Reay H. Brown, M.D. 
Emory University Eye Center 


Paul F. Palmberg; M.D., PhD. 
Bascom Palmer Eye Institute 


dames J. Rowsey, M:D: ; 
Dean McGee Eye Inatitute 


Andrew G. Iwach, M.D. 
Foundation for Glaucoma 


Research 


Further Information: 
The symposium is approved for 13 credit hours, AMA category 1 


Paula Hall 
Presbyterian Healthcare System/CME 
214-891-2323 


CLASSIFIEDS 
TARGETED TO YOU 


Every month this journal now has 
a special “Classified Advertising” 
section full of professional 
opportunities in your specialty. - 
It’s a highly visible marketplace of _ 
wide-ranging opportunities, all : 
concentrated. under our new, blue 
banner. You'll find it toward the 
back of this issue. 


For details on advertising call: = 
National: 800-237-9851 © Florida: 800-553-8288 é 








OBJECTIVES 





April 12-17, 1991 — Chicago 


© Improve basic and clinical knowledge in ophthalmology 


z>% Assist residents and fellows to study efficiently 





































‘Fundamentals 
Anatomy 
Biochemistry 
Physiology 
Pharmacology 


Anterior Segment 
Anterior Angle 
Glaucoma 
<= Lens 

+ Trauma 


Optics and Refraction 
Ophthalmic Optics 
Refractive Errors 
Instruments 
Clinical Refraction 

< Posterior Segment 
Retina 

Vitreous 

Laser Surgery 
Macula 

Vascular Disease 


-.. Neuro-ophthalmology 
‘=: Neuroanatomy 
Optic Nerve 
-= Visual Pathways 
‘= Pupillomotor System 
~ Oculomotor System 


-Ocular Surface 

<1 Extemal Disease 
Cornea 
Conjunctiva 
<o Sclera 

-Pediatric Eye 
= Congenital Disorders 
Genetic Disorders 
Strabismus 


Name 


. @ Prepare candidates te take their board examinations 


“'The faculty was outstanding. The most pleasant thing was learning a tremendous amount, 
not only from world-famous authorities but from people who are relatively unknown as well."* 


Intraocular 
Inflammation 
Uveal Tract 
Ocular Tumors 


Orbit and Adnexa 
Orbit 

Eyelids 

Lacrimal System 
Plastic Surgery 


Medical Problems 
Immunology 
Endocrinology 
Systemic Diseases 
Emergencies 

Ophthalmic Pathology 
Adnexa and Orbit 
Extermal Eye 
Anterior Segment 
Posterior Segment 


Alan Chow, M.D. 

Loyola Univ. of Chicago 
Arthur Cotliar, M.D. 
Columbia University 
Thomas Deutsch, M.D. 
Rush Medical College 
Robert Feder, M.D. 
Northwestern University 
Richard Fiscella, Ph.D. 
Univ. of Hlinois, Chicago 
Geoffrey Gladstone, M.D. 
William Beaumont Hospital 
David Gorman, M.D. 
Lenox Hill Hospital 

Mark Greenwald, M.D. 
Northwestern University 


Ophthalmology Review Course 


April 26-May 1, 1991 — Boston 
November 15-20, 1991 — St. Louis 


METHODS 


Nov, your course for written and oral exams offers unlimited mock orals 


e HOME STUDY assignments with questions and answers 
è SEMINAR with projection-slide lecture and syllabus 
@ PRACTICE EXAMS with oral and written parts 


David Guyton, M.D. 
Johns Hopkins University 
David Heideman, M.D. 
William Beaumont Hospital 


Frederick Kapetansky, M.D. 


The Ohio State University 
Eric Mandel, M.D. 
Lenox Hill Hospital 

Joel Miller, M.D. 
Wayne State University 
Mark Moster, M.D. 
Temple University 
Alfred Nadel, M.D. 
Comell University 


David Palmer, M.D. 
Rush Medical College 


Rene Rodriguez-Sains, M.D. 


Manhattan Eye and Ear 
Michael Shapiro, M.D. 
Univ. of Hlinois. Chicago 
Kenneth Simons, M.D. 
Medical College of Wisconsin 
Ira Solomon, M.D. 

Albert Einstien Sch. of Med. 
Michael Starr, M.D. 
Comell University 

Thomas Stevens, M.D. 
University of Wisconsin 
Howard Tessler, M.D. 
Univ. of Ilinois. Chicago 
King To, M.D. 


Brown University Sch. of Med. 


Floyd Warren, M.D. 
New York University 


Jayne Weiss, M.D. 
University of Massachusetts 


Pane aw ene nenennwenesasnonaswasuannssaneseusersasanesseene anasnesaso ssaxenusu nzszesss 


Limited Enrollment: OPHTHALMOLOGY REVIEW REGISTRATION 





Address 





City/State/Zip 





Phone 





$ PO, Box 2218 
Terre Haute, IN 47802 
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“Mail today to: 


1094 Dawn Lane, Dept 103 


oR Onhithalmol—Vol 109. March 1991 


For: (J April 12-17, 1991 — Chicago 
C April 26-May 1, 1991 — Boston 


C] Nov. 15-20, 1991 — St. Louis 
((] Check is enclosed for $__ 


g Please send Free Sample 
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"remarkably complete and pleasant’* 


PROGRAM: The course is held the week 
before written and oral exams in the exam 
city. Home study questions will be sent 
before the course — which will include lec- 
tures and syllabus. Also, you may buy 
unlimited half-hour one-on-one mock oral 
exams. The optional extra days, May 2 and 
November 21, include one mock oral exam 
and observation of seven or more hours of 
other exams. Past participants recommend 
taking the course well before your exam and 
repeating for half price the week before your 
exam. 

“Accommodations were comfortable...."* 
LOCATION: The Chicago course will be 
at the Hyatt Regency, O’Hare Airport. The 


Boston course will be at the Holiday Inn 
Crown Plaza, Natick. 


” and those little extras...."* 
LOWEST AIR FARES: Please call toll- 
free 1-800-548-8185 for group discounts. 


ng 


"the most education for the money... 
FEES AND COURSE HOURS: 


eè Physician or Resident: Phy. Res. Hrs. 
e Six day course: $720 $480 60 

repeating within 2 years: $360 $360 60 
eè Extra mock orals day: $150 $150 8 
e Mock oral exams: $70 $70 1/2 
è Private mock orals: $100 $100 12 


è Add 10% within 10 days of the course. 

e Attendees not in course hotel add $20/day. 

e Fees do not include lodging or meals. 

e A deposit of $50 will reserve your position. 

® Most home study materials will be mailed 
after half of the registration fee is received. 


” home study material was extremely helpful.’* 


REFUNDS: Subject to a $50 fee, refunds 
will be made up until the seminar begins. 

e Cancellation after mailing home study 
material requires retention of half the fee. 


“I feel [the course] helped me pass..."* 


INFORMATION: 
Joseph H. Selliken, Jr., M.D. 
The Osler Institute 
1094 Dawn Lane, P.O. Box 2218 
Terre Haute, IN 47802 
(800) 356-7537 or (812) 299-5658 


* Comments by past Osler participants 















Classified Advertising — — 
, All classified advertising orders, correspondence and payments should be directed to: Archives of Ophthalmology, P.O. Box 1510, 
Clearwater, Florida 34617. Our telephone numbers are: 800-237-9851; 813-443-7666. Please do not send classified ads, payments or 


related correspondence to the AMA headquarters in Chicago. This causes needless delay. 


inquiries about “BOX NUMBER” advertisements: All replies must be in writing and must cite the box number in the ad. Exampl 
Box c/o AOP, P.O. Box 1510, Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish thei 
mail sent in care of Archives of Ophthalmology. 
























CLASSIFIED 
INFORMATION 


‘Regular Classified 1 Time 3 Times 
‘ or more* 
< Cost per word $1.05 $ 95 
Minimum ad: 20 words. per issue 


_*invorder to earn the three-time rate, your ad must be placed 
= and prepaid at the same time for three or more issues. 


-Counting Words: Two initials are considered 
one word, each abbreviation is considered 
“one word, and figures consisting of a dollar 
sign and five numerals or less are considered 
ene word. Cities and states consisting of two 
words or more are counted as one word: i.e., 
“New York” and “Salt Lake City.” Zip code is 
considered one word and must appear in all 
_ ads, Telephone number with area code is 
considered one word. When box numbers are 


used for replies, the words “Box , c/o 
|. AOP” are to be counted as three words. 
“Classified Display 1Time 3 Times 

Full page $655 $603 

Two-thirds page 561 516 
-One-half page 495 456 
_ One-third page 393 362 

One-sixth page 262 241 

Column inch 90 75 

Minimum display ad: one column inch 

12-time and 24-time rates available on request. 

Display Production Charge: The publication 





will pub-set advertisements upon request. 
The typesetting fee is 10% of the one-time ad 
cost shown above. Special requests will be 
billed to the advertiser and/or agency at the 
then prevailing rates. 


Box Service 


Available for all ads. The cost is $15.00 for the 
first issue only. Responses to your ad will be 
consolidated in our office and promptly 
mailed directly to you. 








Closing Date 


“The 25th of the second month prior to issue 
date, Example: The November issue closes 
“September 25th. No ads can be cancelled 
after the closing date. 


Send all copy, correspondence, production 
materials and payments to: 
archives nf 


Ophthalmology 


Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 


a For assistance with your ad schedule call toli free: 
: 800-237-9851 O 813-443-7666 



















MAINE — Exceptional opportunity for BC/BE oph- 
thaimologist to join established ophthalmology 
practice in beautiful northern New England. Refer- 
ral base 400,000 with 120,000 in immediate area. 
Wide ranging cultural, academic and recreational 
opportunities. Modern, well equipped office adjoin- 
ing growing medical center with extensive diagnos- 
tic and laboratory services. Association with oppor- 
tunity for partnership. Send CV to: Jean H. Tibbetts, 
MD, Suite 230, 417 State Street, Bangor, ME 04401. 


BC/BE OPTHALMOLOGIST to join expanding, 
high volume, nine-member multi-specialty group. 
Subregional medical campus being developed. 
Excellent opportunity plus attractive financial 
package. Located in east-central Montana along 
the Yellowstone River. Big Sky Country, great out- 
doors living. Good schoois, a beautiful piace to 
raise a family. Send CV to: Administrator, Garber- 
son Clinic, 2200 Box Elder, Miles City, MT 59301. 


OPHTHALMOLOGIST —WASHINGTON. The 
Moses Lake Clinic, a multi-speciaity group of thir- 
teen physicians, seeks a BC/BE ophthalmologist. 
Guaranteed salary and partnership track available. 
Excellent benefit package. Abundant four-season 
recreational opportunities. Contact: R. Bennion, 
MD, Moses Lake Clinic, 840 Hill Avenue, Moses 
Lake, WA 98837. 


PITTSBURGH— Established, four-person, special- 
ty ophthalmology group seeks personable, well- 
trained general ophthaimologist. No primary care. 
Very active surgical service. Fully equipped, multi- 
office practice. Excellent salary and benefits pack- 
age. Flexible work environment. Convenient to 
affordable housing and excellent schools in one of 
America’s “Most Livable Cities”. Send CV to: Box 
#639, c/o AOP. 


CORNEA OR GLAUCOMA— Excellent opportunity 
for subspecialist to join dynamic high-volume 
medical/surgical practice in Pittsburgh, Pennsy!- 
vania. Several offices with extensive in-house 
equipment, including lasers. Outstanding referral 
base. Attractive salary. Partnership potential. Fel- 
lowship training in cornea or glaucoma desirabie. 
Contact: Kelly McMahon, Daniel Stern and Associ- 
ates, Suite 240, 211 North Whitfield Street, Pitts- 
burgh, PA 15206. (800) 438-2476 or (412) 363-9700. 


FLORIDA — RETINAL SPECIALIST: BC/BE indi- 
vidual to take over medical and surgical care of 
retinal segment of prestigious five person compre- 
hensive ophthaimology practice in Tampa. This 28 
year-old practice is state-of-the-art with new build- 
ing and ASC including Argon, Krypton, and YAG 
lasers, and computerized FA equipment. Excellent 
opportunity for right person. Send CV to: Adminis- 
trator, Tampa Eye Clinic, 3000 West Buffalo Avenue, 
Tampa, FL 33607. 


OPHTHALMOLOGIST TO JOIN busy fully estab- 
lished two-ophthalmologist. two-optometrist prac- 
tice in Glens Falls, New York. Fully equipped mod- 
ern office and excellent hospital, OPD surgical 
facility, cultural and recreational opportunities 
unsurpassed — New York City 4 hours, Montreal 3 
hours, Saratoga 20 minutes, Lake George 10 min- 
utes. Practice is very busy, two years association 
leading to full participation/ownership. Contact: 
Roger Brassel, MD, Dennis Picano, MD, Glens Falls 
Eye Associates, PC, 382 Bay Road, Glens Fails, NY 
12804. (518) 793-3276. CV and references. We are 
anxious for a third person. 























PLEASE NOTE—Address replies to box number 
ads as follows: Box number, , c/o AOP, 
P.O. Box 1510, Clearwater, FL 34617. 







































CORNEA: Cornea group seeks associate for high | 
volume surgical practice, limited to comeéa and 
external disease; fellowship required. Contact: 
Theodore Peri, MD, Corneal Associates of New Jer- 
sey, (201) 736-1313. 


MICHIGAN — OPHTHALMOLOGIST with plastics 
training needed for unique opportunity. Excellent 
starting salary with full partnership potential. Please 
respond to: Box #633, c/o AOP. 


SOLO PRACTICE—General ophthalmology. Profit- 
able high per capita income west Texas. Modern 
office equipment, minor operating suite, microscope, 
ultra sound, micro surgical instruments. Two hospi- 
tais, good schools, college and university. High |- 
practice expansion potential in pediatrics and 
surgery. Box #635, c/o AOP. : 


VITREO-RETINAL SURGEON: A widely respected, - | 
rapidly growing general specialty ophthalmology. 
clinic is seeking a retinal specialist interested in 
a medical/surgical practice. Backed. by. a fully 
equipped retinal department with full-time RN and 
photographer, we offer a large, state-of-the-art 
modern practice with multiple offices and a large: 
new hospital. Practice is located in an ‘All American 
City’ with fine school systems and multiple recrea-: 
tional opportunities. Please send CV to: Sharon 
Blaschka, Eye Clinicial of Wausau, S.C., 614 First 
Street, P.O. Box 689, Wausau, WI 54402-0689. 


Ophthalmologist || 


Marshfield Clinic, a large mul- 
tispecialty group practice, is 
seeking a General Ophthalmol- 
ogist for a satellite practice op- 
portunity in Central Wisconsin. 











This opportunity provides com- 
plete practice set-up, support 
staff, established billing practices, 
and security in salary and bene- 
fits by being associated with a 
large dynamic group practice. 


Set in a scenic small city near our 
main facility, this opportunity af- 
fords easy access to a wide vari- 
ety of outdoor recreational 
activities, with freeway access 
less than 25 miles away. 


For more information, contact 
Dr. Thomas Stram, Marsh- 
field Clinic, 1000 North Oak 
Avenue, Marshfield, WI- 
54449 or call (715) 387-5236, 























VITREO-RETINAL SURGEON needed to join active 
| private practice group including two retina special- 

ists. Ideal New England community. Large teaching 
hospital nearby. Send letter and CV to: Frederick 
Miller, MD, Maine Eye Center, 15 Lowell Street, Port- 
land, ME 04102. 


SOUTHERN CALIFORNIA 


Exceptional opportunity to join, by earn-in 
purchase, busy and growing Riverside County 
practice located one hour from Los Angeles. 


This modern, state-of-the-art equipped office 
with its friendly and cohesive staff is consi- 
dered the premier practice within the family 
and retirement oriented community. The 
excellent year round weather and strong 
economy assure good surgical, medical 
volume and profit. 


For further information: Roy D. Sutton, HI 


XELAN, INC. 


5250 West Century Boulevard, Suite 450 
Los Angeles, CA 90045 
(213) 216-2500 © FAX: (213) 670-5260 

























OPHTHALMOLOGIST, GENERAL —Leading New 
York City eye center. Superb compensation, loca- 
tion, facilities, excellent future. P.O. Box 20M, 220 
East 65 Street, New York, NY 10001. 






MIDWEST RETINA PRACTICE in major metrapoli- 
tan area seeks another associate. Excellent facilities 
with academic affiliation. Send resume in confi- 
dence to: Box #637, c/o AOP. 





WANTED — VA Chief of Ophthalmology, Assistant 
or Associate Professor. General ophthalmology 
skills with subspecialty training. Time available for 
practice and/or research. Salary depending on 
experience. Contact: John Hoepner, MD, Chairman, 
Ophthalmology, SUNY Health Science Center, Syr- 
acuse, NY 13210. 





FOREIGN MEDICAL GRADUATE: Trained at top 
UK hospitals. Excellent CV, six years experience in 
ali surgical specialties in Ophthalmology. Wide sur- 
gical experience. Have ECFMG, green card holder, 
seeks residency or other appropriate position, ref- 
erences available. Box #640, c/o AOP. 






CHIEF RESIDENT, ophthaimology, UCSF —A one- 
year chief residency is offered for July 1, 1991 - June 
30, 1992. The candidate must have completed an 
eye residency, and be supported by their training 
director. Approximately eight months will be spent 
ön various surgical rotations, and three months in 
subspecialty faculty practice and general clinic. 
Contact Dr. James O'Donnell: (415) 476-1921. Or 
send CV withthree references to: University of Cali- 
fornia, San Francisco, Box 0730, San Francisco, CA 
94143. UCSF is an equal opportunity, affirmative 

caction employer. Health and dental insurance and a 

Salary of $38,000 plus is provided. 





‘NEURO-OPHTHALMOLOGY FELLOWSHIP avail- 
able for 1991-92, beginning July 1, 1991. Salary and 
benefits paid. Qualified candidates should respond 
with current CV to: B.K. Farris, MD, Dean A. McGee 
Eye institute, University of Oklahoma HSC, Depart- 
ment of Ophthalmology, P.O. Box 26901, Oklahoma 
Gity, OK 73190-2008. 





PLEASE NOTE—Address replies to box number 
ads as follows: Box number, „ c/o AOP, 
“P.O. Box 1510, Clearwater, FL. 34617. 














Opportunities in 
Retinal Degeneration Research 


Research Career Development Award 
RP Foundation Fighting Blindness 


Clinician-researchers with an interest in hereditary retinal degenerations are 
few. In recognition of a national need, the RP Foundation Fighting Blindness 
proposes a far-reaching type of career development award for a limited number 
of clinician-researchers of superior dedication and talent. 


Flexible in detail and curation, this program emphasizes specialized and rigor- 
ous training both in research and in clinical ophthalmology to be arranged at 
select locations. The program will be tailored to the individual and will be 
appropriate for a future appointment as Director of a departmental section 
concerned with retinal degenerations. The Foundation will undertake salary 
and research support and, to the degree necessary, special travel, tuition and 
housing allowances. 


Since the objective of the program is to set in place highly qualified clinician- 
researchers for productive medical careers, the Foundation will look with 
special favor upon nominations proposed by established centers of excellence 
which will assure the candidate a position when training is completed. For 
candidates applying independently, if accepted, the Foundation will facilitate 
an appropriate future appointment. 


Candidates—usually residents or postdoctoral fellows in ophthalmology— 
will undergo a careful selection process. Initial reply should include a letter of 
intent and curriculum vitae. There is no deadline. 


Address replies to: Jeanette S. Felix, PhD, Director of Science 
RP FOUNDATION FIGHTING BLINDNESS 
1401 Mt. Royal Avenue, Baltimore, Maryland 21217-4245 
Affirmative Action/Equal Opportunity Foundation 





Positions Available 


VITREORETINAL 
FELLOWSHIP 


Beginning July 1, 199] 
and January 1, 1992 








Training program from 12 to 24 months. 
Includes extensive experience with medical and 
surgical diseases, clinical research and oppor- 
tunities for basic research. 


Respond to: 


James E. Puklin, MD 

KRESGE EYE INSTITUTE 
WAYNE STATE UNIVERSITY 
4717 St. Antoine 

Detroit, Michigan 48201 

(313) 577-1354 




















includes clinica 





FACULTY POSITIONS AVAILABLE 
DEPARTMENT OF OPHTHALMOLOGY 
SCHEIE EYE INSTITUTE 





Presbyterian Medical Center 


The University of Pennsylvania School of Medicine, Department of 
| Ophthalmology, invites applications for full-time faculty positions 
at the rank of Assistant or Associate Professor, starting July 1991. 


We.seek a board certified or board eligible ophthalmologist with 
_ subspecialty training in medical and surgical diseases of the retina. 


We also seek a biomedical engineer with expertise in mathematical 
modeling of facilitated transport, oxidative metabolism, blood flow 
autoregulation and biotransport phenomena. Experience in using 
microelectrodes for measurement of oxygen, hydrogen, ionic and 
electrical activity in tissue is an important requirement. 


The University of Pennsylvania is an equal opportunity employer. 
For each academic position, salary is commensurate with expe- 
rience and qualifications. Please submit applications together with 
curriculum vitae and bibliography to: 


Stuart L. Fine, M.D. 
Professor and Chairman 
Department of Ophthalmology 
Scheie Eye institute 
51 N. 39th Street 
Philadelphia, PA 19104 





GLAUCOMA FACULTY 
POSITION 


Boston University School 
of Medicine 


Department of Ophthalmology 


The Department of Ophthalmology at Boston University School of Medicine 
has a full-time pos. available for a glaucoma specialist. This position 

and teaching assignments with unlimited opportunities for 
clinical and/or laboratory research. 


Hospital. 


The candidate must be Board certified or eligible with advanced training in 
glaucoma. Base salary and fringe benefits are provided, and there is a 


generous opportunity for private practice. 


Contact: Howard M. Leibowitz, M.D., Boston University School of 
Meem Department of Ophthalmology, 80 E. Concord Street, Boston, 


Boston University is an affirmative action, equal opportunity employer. 


Boston University 
Medical Campus 











Tue UNIVERSITY OF 
ARIZONA 


Department of Ophthalmol y 



















is recruiting for a full-time faculty membe: 
with strong interest in academic ophthaimol 
ogy. Responsibilities will include resident 
training and patient care with opportunity for 
research. BED 
Candidates must posses board-certification _ 
or -eligibility and be eligible for licensure in 
Arizona. en eee 


Subspecialty training in pediatric ophthal- 
mology, ocular pathology or other fellowship: 
training with an interest in comprehensive’. 
ophthalmology is preferred. : : 


Academic rank is based on experierice and. 
may range from assistant professor to full pro=. 
fessor. The University offers an excellent 
benefit and compensation package. Tucsonis. 
a growing sunbelt city renowned for its pleas- 
ant climate. cultural diversity and spectacular | 
desert scenery. aoe 


Qualified candidates should forward aletter of 
interest and current curriculum vitae tos 2 


Robert W. Snyder, MD, PhD 
Search Committee Chairman 
Department of Ophthalmology 
University of Arizona. 

Health Sciences Center 
Tucson, Arizona 85724 





Review of applications will begin January y : 
1991 and will continue until position is filled. 
The University of Arizona is an equal opportu- = 


nity/affirmative action employer. Women and 
minorities are urged to apply. ; 











he position includes an appointment as 
Director of Glaucoma Consultation Service at University Hospital and 
Boston City Hospital, and Associate Director of Ophthalmology at Boston City 




















Ophthalmology 
Faculty Positions 


The Department of Ophthalmology 
and Visual Sciences at Texas Tech - 
University Health Sciences Center is 
seeking persons fellowship trained in 
the following areas to join our rapidly 
expanding ophthalmology program: 


s Pediatric ophthalmology 
m Neuro-ophthalmology 

m Retina and vitreous 

m General ophthalmology 


Academic teaching and research 
activities are vital components of these 
positions. The successful candidate 
must be board-certified or board- 
eligible. Salary and benefits are 
commensurate with training and: 
experience. Interested individuals 
should contact: : 


DONALD R. MAY, MD, FACS. | 
Professor and Chairman : 
Department of Ophthalmology. 
& Visual Sciences : 
TEXAS TECH UNIVERSITY 
HEALTH SCIENCES CENTER 
Lubbock, TX 79430 
(806) 743-2412 
FAX: (806) 743-1782 


























IME, probationary assistant or tenured 
ship, in vitreoretinal surgery and 
uly 1, 1991 at the University of 
Pr ionary assistant professor: MD 
monstrated involvement in quality 
cepted or published in peer-reviewed 
j - Competencè in communication and in the 
hing of st s. Tenuted associate professor: 
Jired. Professional distinction in research 

r demonstrated effectiveness in teach- 

Minimum. academic preparation 

sompletion of ophthalmology resi- 

ear Surgical vitreoretinal fellow- 

pard-cer in ophthalmology (-eligible at 

istant Tevel): Demonstrated research capability. 
send resumes to: Edwin H. Ryan, Jr, MD, Chair- 

_ man, Search Committee, Gepartment of Ophthal- 
mology, 516 Delaware Street SE, Minneapolis, MN 
$5455. Last day for receipt of applications is March 
31:1991. The University. of Minnesota is.an equal 
opportunity educator and employer and specifically 
invites and-encourages. applications from women 
nd minorities. 












“THE DEPARTMENT OF OPHTHALMOLOGY at 
-George Washington University Medical Center is 
recruiting a full-time faculty member with fellowship 
{training and: expertise in the area of oculoplastics. 
Candidates must be board-certified with established 
competence in-patient care and resident training. 
view of applications will begin on March 1, 1991 
and continue until the: position is filled, Interested 
candidates should contact: Mansour F. Armaly, MD, 
Professor and Chairman, Department of Ophthal- 
:mology, George Washington University Medical 
| Center, 2150 Pennsyivania Avenue, NW, Washington, 
DC 20037. George Washington University is an 
equal opportunity employer. 




























DIRECTOR OF ORBITAL AND 

RECONSTRUCTIVE SURGERY 
_ Board-certified or -eligible MD with 
demonstrated service, teaching and 
research skills for full-time academic 
faculty appointment. Send letter, cur- 
riculum vitae and bibliography to: 

Search Committee 

Department of Ophthalmology 
and Visual Science 
YALE UNIVERSITY 
SCHOOL OF MEDICINE 

P.O. Box 3333, New Haven, CT:06510-8061 
Affirmative action/equal opportunity employer. 


| on 














FACULTY POSITION—Cornea and external eye 
disease. Develop and carry out an ophthalmological 
program in cornea/external eye diseases, including 
patient service, university outreach, teaching and 
research. Contact: George H. Bresnick, MD, Acting 
Chairman, Department of Ophthalmology, Univer- 
sity of Wisconsin Medical School, 600 Highiand 
| Avenue, Madison, WI 53792. The University of Wis- 
consin-is an equal opportunity/affirmative action 
employer. 










<THE DEPARTMENT OF OPHTHALMOLOGY at 
George Washington University Medical Center is 
recruiting a full-time faculty member with fellowship 
‘training and expertise in the area of neuro- 
.-p-ophthalmology. Candidates must be board-certified 
-Lowith established competence in patient care and 
resident training. Review of applications will begin 
on March 1, 1991 and continué until the position is 
filled. interested candidates. should contact: Man- 
| sour F:.Armaly, MD, Professor and Chairman, 
Department of Ophthalmology, George Washing- 
“ton Uniyersity Medical Cénter, 2150 Pennsylvania 
Avenue, NW, Washington, DC 20037. George 
- Washington’ University is an equal opportunity 
employer. 














PLEASE NOTE—Address replies to box number 
ads as follows: Box number, . c/o AOP, 
P.O. Box 1510, Clearwater; FL 34617. 





OREGON—Suburban Portland generat ophthai- 
mology practice for sale. Associate shares expenses: 
six-figure earnings on 3-4 day workweek. Cail: (503) 
228-5336, evenings or weekends. 





NORTHERN VIRGINIA general ophthalmologist, 
located twenty minutes from downtown DC and 
near a metro station, desires a buy/sell agreement 
for a well-established practice of 24 years in same 
location. Ideal for a beginning or relocating oph- 
thalmologist. Send resume to: P.O. Box. 3711, Merri- 
field, VA 22081. 





FOR. SALE: “Belrose” new projector with tele- 
scopic tube, red and green slide with wall mount— 
Special $755. Belrose Monocular Radiuscope, 
color, gray: $1,195. Paying too much for service? 
Try Beirose Refracting Equipment Co., 3734 W. 
Oakton Street. Skokie, IL 60076. (708) 675-2300. 

















international Glaucoma Symposium 

JERUSALEM; M G-21, 1997 
The new dates are: ; 
August 19-22, 1991 
Contact: Š 
1e G » 5 Organizers 
Ofakim Travel & Tours Lid. 
5 Idelson St., Tel Aviv, Israel 63324 
Telephone: 972-3-650514/7 « Telex: 371254 
FAX: 972-3-650543 



































MARKETING CATARACT and RK surgery — Our 
eyecare television programs are generating hun- 
dreds of patient appointments in cities across the 
country. The half-hour programs are educational 
and designed to air on: network, cable, or independ- 
ent stations. Each program is customized featuring 
you and your practice. Fora demo tape call: Michele 
Barrere, DeCorte Productions, 3229 8th Street, 
Metaire, LA 70002. (504) 833-2815. 


We Target 
The Physician You Want! 


The Archives of Ophthalmology’s classified recruitment section will deliver your 
message to exactly your target audience — ophthalmologists. A targeted physician 


audience of over 20,000. 


Send us your advertising order today. Just complete the coupon below and attach 
your typewritten copy. The next available issue is May which closes Monday, March 
25th. 


Insert my ad 


Place my ad under the heading 


PLEASE COMPLETE THE FOLLOWING: 


____ times, beginning with the 





The classified rate is $1.05 per word for one issue. For three issues or more, the rate is 
$ .95 per word per issue. Minimum classified ad is 20 words. 


issue. 








Enclosed is my check for $ _ 


to cover full payment 





of my advertising schedule. 


Institution ze 





Contact Person 





Address 





State 





City 


Telephone Number 


Zip 





Authorized Signature 








COPY FOR CLASSIFIED ADVERTISEMENT: 



































Send ali copy and payments to: 


archives of 


Classified Department 





P.O. Box 1§10, Clearwater, Florida 34617 
National (800) 237-9851 O Local (813) 443-7666 












years 
procedures 
101! 





For 25 years, in over 

20 million procedures, 

the choice of ophthalmic 

surgeons has been MIOCHOL. 
Rapid, safe, immediately 
reversible miosis is the reason why. 


MIOCHOL is your natural choice for 
small incision surgery. Rapid miosis allows 
a prompt visual check of lens centration. 


MIOCHOL meets the most stringent Johnson 
and Johnson standards for quality. Every vial is 
inspected to insure safety and performance. 


For safe, rapid, reliable miosis, 
the natural choice is 


Miochol 


(acetylcholine chloride) Intraocular 
Accept no L hare 


Indications and Usage: | 


wiat 


PHARMACEUTICALS 


a Gohnsenalfohnrons ayy 


Caution: tre 


























= ALL AN F 

* A Division of Allergan 
Irvine, CA 9271 : 
© 1989 Allergan, be | 





For millions of patients who use a lubricant 
ophthalmic solution, something is still USS 


Nighttime therapy. 

Signs and symptoms of dry eye can donai worsen after a night's sleep. Yet 
patients with dry eye continue to endure itchy, scratchy, gritty eyes upon awakening, 
unaware of an ocular lubricant specifically’ formulated to relieve such symptom: 
Refresh® PM. Eye Lubricant. - 

Refresh PM. is a 3.5 g petrolatum-based ointment that provides safe, 
comfortable protection throughout the night. Just like regular Refresh, 
Refresh PM. is 100% preservative-free. And that eliminates ms = lates nic 
effects sometimes associated f - k 
with chronic use of preserved 
tear supplements, 

Soifyour patients are miss- 
ing tu oftheir dry e her Be 
tell them youl found it. ae 





ARCHIVES 


APRIL 1991 


Clinical Use of the 193-nm Excimer Laser 
in the Treatment of Corneal Scars — 


N. Ae Sher, R. A. Bowers, R. W. Zabel, J. M. Frantz, R. A. Eiferman, oe ae 


D. C. Brown, J. J. Rowsey, P. Parker, V. Chen, R. L. Lindstrom. 





Visual Losses After Myopic Epkeratoplasty, 
oe EP? LG. amey, Gy G. Kelley 





Fulminant Pseudomonal Keratitis and Scleritis in 
- Human Immunodeficiency Virus—Infected Patients 
M. Nanda, S. C. . Pflugfelder, S. Holland 





Prospective Corneal Topographic Analysis : 


in Surgery for Postkeratoplasty Astigmatism 
=.) G. T. Frangieh, S. Kwitko, P. J. McDonnell 





_Late-Onset Elevation in Intraocular Pressure 


i After Neodymium-YAG Laser Posterior Capsulotor 
: S. Fourman,; J. Apisson 





Impact of Enucleation for Choroidal Melanoma 


onthe Perfonnance of Vision-Dependent Activiti 
ae G. Edwards, A. P. Schachat 





Volume 109, Number 4 


dedi ted to the health of America — 


























Betoptic S 


(betaxolol HCl) Senen ozan 


Suspension, 0.25% 


For POAG and ocular hypertensive 
patients where treatment is indicated 


The S is for Strength 


Strength of drug 
delivery 


è Patented technology slows release and 
increases retention of drug in the eye 


© The amount of betaxolol delivered to 
the aqueous humor by the 0.25% sus- 
pension is equal to that delivered by the 
0.5% solution 


© Efficacy equivalent to 0.5% solution has 
been demonstrated in clinical trials 





Strength of improved 
comfort 


è Active drug is released more slowly to 
the cornea, resulting in improved 
patient comfort 


Strength of beta- 1* 
safety 


e Offers the safety advantages of a selec- 
tive ocular beta-blocker 


© Does not significantly compromise heart 
rate or pulmonary function 


© CNS side effects are rarely reported 














“Beta-1 selectivity is not absolute. 


BETOPTIC® S Sterile Ophthalmic Suspension has produced minimal 
effects in patients with reactive airway disease; exercise caution in 
treating patients with excessive restriction of pulmonary function. 
Asthmatic attacks and pulmonary distress have been reported during 
betaxolol treatment. Although rechallenges of some such patients 


Contraindicated in patients with sinus bradycardia, greater than a 
first degree atrioventricular block, cardiogenic shock, overt cardiac 
failure, or hypersensitivity to any component of this product. Use..." 
caution in treating patients with a history of cardiac failure, heart _ 
block, and patients receiving adrenergic psychotropic drugs or 


with ophthalmic betaxolol have not adversely affected pulmonary 
function test results, the possibility of adverse pulmonary effects in 
patients sensitive to beta-blockers cannot be ruled out. 
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catecholamine-depleting drugs such as reserpine. Observe patients 
receiving an oral beta-blocker and BETOPTIC® S suspension for pos-.. 
sible additive effect on known systemic effects of beta-blockade. a 
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BETOPTICE S tretaxcio! Hcy) 0.25% as base Sterile Ophthalmic Suspension 
“DESCRIPTION: BETOPTIC S Ophthalmic Suspension 0.25% contains betaxclo! hydrochloride, a 
”-Sgardio-selective beta-adrenergic receptor blocking agent, in a sterile resin suspension formulation. 

INDICATIONS AND USAGE: BETOPTIC S Ophthalmic Suspension 0.25% has been shown to be 

effective in lowering intraocular pressure and may be used in patients with chronic open-angle 
glaucoma and ocular hypertension. it may be used alone or in combination with other intraocular 
pressure lowering medications. 

CONTRAINDICATIONS: Hypersensitivity to any component of this product. BETOPTIC S Ophthalmic 

‘Suspension. 0.25% is contraindicated in patients with sinus bradycardia, greater than a first degree 

atrieventricular block, cardiogenic shock, or patients with overt cardiac failure. 

WARNING: Topically applied beta-adrenergic blocking agents may be absorbed systemically. The 

‘same adverse reactions found with systemic administration of beta-adrenergic blocking agents may 
occur with topical administration. For example, severe respiratory reactions and cardiac reactions, 
including death due to-bronchospasm in patients with asthma, and rarely death in association with 
cardiac failure, have been reported with topical application of beta-adrenergic blocking agents. 

BETOPTIC 8 Ophthalmic Suspension 0.25% has been shown to have a minor effect on heart rate and 

blood pressure in clinical studies. Caution should be used in treating patients with a history of cardiac 

failure or heart block. Treatment with BETOPTIC S Ophthalmic Suspension 0.25% should be 
discontinued at the first.signs of cardiac failure. oe 

PRECAUTIONS: General: Diabetes Mellitus. Beta-adrenergic blocking agents should be administered 

with caution in patients subject to spontaneous hypoglycemia or to diabetic. patients {especially those 

with labile diabetes) who are receiving insulin or oral hypoglycemic agents. Beta-adrenergic receptor 

blocking agents may mask the signs and symptoms of acute hypoglycemia. s.f 

adrenergic blocking agents may mask certain clinical signs (e.9., tachycardia) of hyperthyroidism. 

Patients suspected of developing thyrotoxicosis should be managed carefully to avoid abrupt 

withdrawal of beta-adrenergic blocking agents, which might precipitate a thyroid storm. 

Muscle Weakness. Beta-adrenergic blockade has been reported to potentiate muscle weakness 

consistent with certain myasthenic symptoms (e.g.. diplopia, ptosis and generalized weakness). 

Major Surgery. Consideration should be given to the gradual withdrawal of beta-adrenergic blocking 

agents prior to general anesthesia because of the reduced ability of the heart to respond to beta- 

adrenergically mediated sympathetic reflex stimuli. Pulmonary. Caution should be exercised in the 
treatment of glaucoma patients with excessive restriction of pulmonary function. There have been 
reports of asthmatic attacks and pulmonary distress during betaxolol treatment. Although 
“yechallenges of some:such patients with ophthalmic betaxolol! has not adversely affected pulmonary 
function test results, the possibility of adverse pulmonary effects in patients sensitive to beta blockers 
cannot de ruled out. Drug Interactions: Patients who are receiving.a beta-adrenergic blocking agent 
orally and BETOPTIC S Ophthalmic Suspension 0.25% should be observed for a potential additive 
affect either on the intraocular pressure or on the known systemic effects of beta blockade. Close 
observation of the patient is recommended when a beta blocker is administered to patients receiving 
catecholamine-depleting drugs such as reserpine, because of possible additive effects and the 
production of hypotension and/or bradycardia. Betaxolol is an adrenergic blocking agent: therefore, 
< paution should be exercised in patients using concomitant adrenergic. psychotropic drugs. Ocular: in 
patients with angle-closure glaucoma, the immediate treatment objective is to reopen the angle by 
=: constriction of the pupil with a mioti¢ agent. Betaxotol has little or no effect on the pupil. When 
© BETOPTIC S Ophthalmic Suspension 0.25% is used to reduce elevated intraocular pressure in angle- 
closure glaucoma, it should be used witha miotic and not alone. Carcinogenesis, 4 
impairment of Fertility: Lifetime studies with: betaxolol HCI have been completed in. mice at oral 
: doses of 6, 20 or 60 mg/kg/day and in-rats:at-3; 12 ar 48 mg/kg/day; betaxolol HC! demonstrated no 
carcinogenic effect. Higher dose levels were not tested. In.a variety of in vitro and in vive bacterial and 
mammalian cell assays, betaxolol HCI was nonmutagenic. Pregnancy: Pregnancy Category C. 
Reproduction, teratotogy, and peri- and postnatal studies have been conducted with orally 
administered betaxolol! HCI in rats and rabbits. There was evidence of drug related postimplantation 
-Jøss if rabbits and rats at dose levels above 12 mg/kg and 128 mg/kg, respectively. Betaxolo! HC! was 
“not shown to be teratogenic, however, and:-there were no other adverse effects on reproduction at 
~-gubtexic dose levels. There are no. adequate and well-controlled studies in pregnant women. 
BETOPTIC S should be used during pregnancy only if the potential benefit justifies the potential risk to 
the fetus. Nursing Mothers: it isnot known whether betaxolol HCI is excreted in human milk. Because 
many drugs are excreted in human milk, caution should be exercised when BETOPTIC S Ophthalmic 
Suspension 0.25% is administered. to nursing. women. Pediatric Use: Safety and effectiveness in 
children have not been established. 
ADVERSE REACTIONS: Ocular: in clinical trials, the most frequent event associated with the use of 
BETOPTIC S Ophthalmic Suspension 0.25% has been transient ocular discomfort. The following other 
-= conditions have been reported in small numbers of patients: blurred vision, corneal punctate keratitis, 
“foreign body sensation, photophobia, tearing, itching, dryness of eyes, erythema, inflammation, 
discharge, ocular pain, decreased visual acuity and crusty lashes. Additional medical events reported 
with other formulations of betaxolol include allergic reactions. decreased corneal sensitivity, edema 
"and anisocoria, Systemie: Systemic reactions following administration of BET OPTIC 5 Ophthalmic 
“Suspension 0.25% or BETOPTIC Ophthalmic Solution 0.5% have been rarely reported. These include: 
z- Cardiovascular: Bradycardia, heart block and congestive failure: Pulmonary: Pulmonary distress 
“-eharacterized by dyspnea, bronchospasm, thickened bronchial secretions, asthma and respiratory 
“failure. Central Nervous System: insomnia, dizziness, vertigo, headaches, depression, and lethargy. 
Other: Hives, toxic epidermal necrolysis, hair loss, and glossitis. 
OVERDOSAGE: No information is availabie on. overdosage of humans. The oral LD50 of the drug 
“ranged from, 350-920 mg/kg in mice and_860-1050 mg/kg in rats. The symptoms which might be 
‘expected with an overdose of a systemically administered beta-t-adrenergic receptor blocking agent 
are bradycardia, hypotension and acute-cardiac failure. A topical overdose of BETOPTIC S Ophthalmic 
Suspension 0.25% may be flushed from the eye(s) with warm tap water. 
CAUTION: Federal (USA) Law Prohibits Dispensing Without a Prescription. 
“ALS, Patent Nos. 4,252,984; 4,311,708; 4,342,783,4,94 1,920. 
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FIRST, 
YOU CAN'T 
SWALLOW. 


THEN 


YOU CAN'T 
SPEAK. 


FINALLY, 
YOU CAN'T 
BREATHE. 


You have ALS — “Lou Gehrig’s 
disease.” 

Gradually, you'll become unable 
to walk or use your hands, You'll find 
yourself drooling. Your reflexes will 
disappear. 

Your mind, however, will remain 
completely clear, leaving you a 
frustrated prisoner in a body you 
can’t control, 

ALS is a fatal neuromuscular 
disorder that attacks adults in the 
prime of life. Right now, no cure is 
known. But the Muscular Dystrophy 
Association has launched an all-out 
assault against this dread disease. 

MDA has developed the world’s 
largest integrated ALS research and 
patient services program. The Asso- 
ciation has established five major ALS 
research centers and maintains some 
230 clinics to help people with ALS 
and other neuromuscular disorders. 
And MDA is the only voluntary 
health agency that provides patients 
with a wide range of medical care 
and equipment free of charge. 

You can help MDA fight ALS and 
dozens of other neuromuscular disor- 
ders by making a tax-deductible dona- 
tion to the Association. You can even 
specify that your check is to be used 
exclusively to bene- 
fit ALS patients. 

There are 
20,000 ALS pa- 
tients in America 
who can’t write 
checks or even 
read this ad out 
loud. Please send i 
your contribution Lou Gehrig 
to MDA today. Yankee’s Hall-of-Famer 


Muscular Dystrophy Association 
Jerry Lewis, National Chairman 








Totmake a donation or bequest to MDA, or for 
more information on MDA and ALS, write to: 
: - Muscular Dystrophy. Association, 
2 BUD Seventh Avenue, New York, NY 100179. 
ooi Orcontact your local MDA office. 














































Pred-G°® 
(prednisolone acetate, gentamicin sulfate) 
Liquifilm® sterile ophthalmic suspension 





INDICATIONS AND USAGE: Pred-G suspension is indicated 
for steroid-responsive inflammatory ocular conditions for which a 
corticosteroid is indicated and where superficial bacterial ocular 
infection or a risk of bacterial ocular infection exists. Ocular steroids 
are indicated in inflammatory conditions of the palpebral and bul- 
bar conjunctiva, cornea, and anterior segment of the globe where 
the inherent risk of steroid use in certain infective conjunctivitises is 
accepted to obtain a diminution in edema and inflammation. They 
are also indicated in chronic anterior uveitis and corneal injury from 
chemical, radiation, or thermal burns or penetration at foreign 
bodies. The use of a combination drug with an anti-infective com- 
peter is indicated where the risk-of superficial ocular infection is 

igh or where there is an expectation that potentially dangerous 
numbers of bacteria will be present in the eye. The particular anti- 
infective drug in this product is active against the following common 
bacterial eye pathogens: coagulase-positive and coagulase-negative 
staphylococci, including Staphylococcus aureus, and certain strains 
that are resistant to penicillin; Group A beta-hemolytic and nonhemo- 
lytic streptococci, and Streptococcus pneumoniae; Escherichia coli; 
Hemophilus influenzae; Klebsiella/Enterobacter species; Neisseria 
species, including Neisseria gonorrhoeae; Pseudomonas aeruginosa; 
indole-positive and indole-negotive Proteus species; and Serratia 
marcescens. CONTRAINDICATIONS: Epithelial herpes simplex 
keratitis (dendritic keratitis}, vaccinia, varicella, and many other viral 
diseases of the cornea and conjunctiva. Mycobacterial infection of 
the eye. Fungal diseases of the ocular structures. Hypersensitivity 
to acomponent of the medication. (Hypersensitivity to the antibiotic 
component occurs ata higher rate than for other components.) Pred- 
G suspension is always contraindicated after uncomplicated removal 
of a corneal foreign body. WARNINGS: Prolonged use may result 
in glaucoma, with damage to the optic nerve, defects in visual acuity 
and fields of vision, and in posterior subcapsular cataract forma- 
tion. Prolonged use may suppress the host response and thus increase 
the hazard of secondary ocular infections. In those diseases:causing 
thinning of the cornea or sclera, perforations have been known to 
occur with the use of topical steroids. In acute purulent conditions 
of the eye, steroids may mask infection or enhance existing infec- 
tion. If these products are used for 10 days or longer, intraocular 
pressure should be routinely monitored even though it may be difficult 
in children and uncooperative patients. Employment of a steroid 
medication in the treatment of patients with a history of herpes 
simplex requires great caution. Pred-G suspension is contraindicated 
in patients with active herpes simplex keratitis. Pred-G Liquifilm sterile 
ophthalmic suspension is not for injection. It should never be injected 
sbconjunctivally nor should it be directly introduced into the anterior 
chamber of the eye. PRECAUTIONS: The initial prescription and ` 
renewal of the medication order beyond 20 milliliters should be made 
by a physician only after examination of the patient with the aid of 
magnification, such as slitlamp biomicroscopy and, where appro-.. 
priate, fluorescein staining. The possibility oinal infections ofthe 
cornea should be considered after prolonged steroid dosing. 
ADVERSE REACTIONS: Adverse reactions have occurred with 
steroid/anti-infective combination drugs which can be attributed to 
the steroid component, the anti-infective component, or the combi- 
nation. Exact incidence figures are not available since no 
denominator of treated patients is available. Reactions occurring 
most often from the presence of the anti-infective ingredient are 
allergic sensitizations. The reactions due to the steroid component 
in decreasing order of frequency are: elevation of intraocular pres- 
sure (IOP) with possible development of glaucoma, and infrequent 
optic nerve damage; posterior subcapsular cataract formation; and 
delayed wound healing. Burning, stinging and other symptoms of 
irritation have been reported with Pred-G. Superficial punctate ker- 
atitis has been reported occasionally with onset occurring typically 
after several days of use. Secondary Infection: The develop- - 
ment of secondary infection has occurred after use of combinations 
containing steroids and antimicrobials. Fungal infections of the 
cornea are particularly prone to develop coincidentally with long- 
term applications of steroid. The possibility of fungal invasion must 
be considered in any persistent corneal ulceration where steroid treat- 
ment has been used. Secondary bacterial ocular infection following 
suppression of host responses also occurs. 
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HIGH PERFORMANCE 
SUSPENSION. 





The power of prednisolone acetate 1% 


combined with the broad-spectrum coverage 





of gentamicin 0.3%. 











(prednisolone acetate 1.0%, gentamicin sulfate 0.3% base) 
Liquifilm® sterile ophthalmic suspension 








Employment of a steroid medication in the treatment of patients with a history of herpes simplex requires great caution. 
adjacent page for brief prescribing information. 





Pred-G is contraindicated in patients with active herpes simplex keratitis. See 
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INTRODUCING 

_ __ OPTI-FREE’ ENZYMATIC CLEANER. 

_ NOW OPTI-FREE PATIENTS CAN CLEAN 
- WHILE THEY DISINFECT. 


: New OPTI-FREE Enzymatic Cleaner works overnight in OPTI-FREE Solution. 
_ Inthe moming they just rinse with OPTI-FREE Solution and wear. 
__ There's no saline needed, no extra steps, no hassles for your patients. 
__OPTI-FREE Enzymatic Cleaner... one more step toward better 

patient compliance. 





OPTI-FREE LEAVES NOTHING TO CHANCE. 


© 1991 ALCON LABORATORIES, INC., P.O; BOX 6600, FT. WORTH, TX ens 
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Surgeon controlled power. 
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To receive the best 
response from your 
recruitment ad, look to 
“Classified Advertising” 
in AMA publications. 


AMA Specialty Journals are 
unmatched in providing a 
targeted readership. So, all nine 
journals — The Archives and 
-AJDOC, do exactly what you 
| want. Each one puts your 
_ recruitment message in the 
-hands of qualified doctors in 
the specialty you are frying 
to reach. 
The affordable and very efficient 
“Classified Advertising’ section 
in each journal offers a highly 
visible concentration of wide- 
ranging physician opportunities 
within each specialty. 
Take your choice, but make that 
choice an AMA specialty journal 
for physician recruiting. For 
- complete advertising 
information, please call or write: 





AMA SPECIALTY JOURNALS 
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American Journal of 
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Archives of General Psychiatry 
-Archives of Otolaryngology 
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a Copies of the Instructions are available on request to the Editor. 
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TOUGH ON PATHOGENS, GENTLE ON PATIENTS 


In treating ocular infection, 
TOBREX® (tobramycin 0.3%) 

is the one word that says it all. 
Other antibiotics that work bacte- 
riostatically merely inhibit the 
growth of common ocular patho- 
gens. TOBREX actually destroys 
them. Because it is bactericidal 
and offers broad spectrum 
coverage, and because it 

provides superior patient com- 
fort, TOBREX is the most widely 


prescribed ocular antibiotic 
worldwide. In fact, many regard 
TOBREX as the “gold standard” 
against which other antibiotics 
are measured. 
When prescribing for 

ocular infection, you want 

bactericidal action, broad 

spectrum coverage, and 
superior patient comfort. Remem- 
ber the one word that says it all. 
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have demonstrated tobramycin is active against susceptible 


CH,NH; Nets strains of the following microorganisms: Staphylococci. 
3° } nx, including S. aureus and S. epidermidis (coaqulase-positive 
and coaguiase-negative}, including penicillin-resistant 
HO g strains. 
NH, cic Streptococci, including some of the Group A beta-hemolytic 
on species, some nonhemolytic species, and some Streptococ- 
el cus pneumoniae. ; 
PARAS, Pseudomonas aeruginosa, Escherichia coli, Klebsiella 
OH 


pneumoniae, Enterobacter aerogenes, Proteus mirabilis, 
Morganella morgani, most Proteus vuigaris strains, Haemo- 
philus influenzae and H. aegyptius, Moraxella lacunata, and 
Chemical name Acintobacter calcoaceticus and some Neisseria species. 
0-{3-amino-d-deoxy-a-D- Bacterial susceptibility studies demonstrate that in some 
gluco-pyranosyi-(1æ4)}-0- cases, microorganisms resistant to gentamicin retain sus- 
ta damna aae ceptibility to tobramycin. A significant bacterial population 
ee ne resistant to tobramycin has not yet emerged: however, 
ee F bacterial resistance may develop upon prolonged use. 
INDICATIONS AND USAGE: TOBREX is a topica! antibiotic 
indicated in the treatment of axternal infections of the eye and its adnexa caused by 
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- Correspondence 


Glaucoma Treatment and Pregnancy 


To the Editor.—I read with interest the answer to the ques- 
tion, “What antiglaucomatous medications are safe to use 
during pregnancy?” in the “Questions and Answers” Sec- 
tion in the November 1990 issue of the ARCHIVES.' Dr Spaeth 
states, “Women of childbearing age should be cautioned 

_ against conceiving while they are receiving carbonic anhy- 

-drase inhibitors since they are known to be teratogenic. In 
contrast, ... the miotics, sympathomimetics, and §-block- 
ers... are not thought to be teratogenic in the doses used 
in ophthalmology.” 

This is not correct. Although the carbonic anhydrase in- 
hibitors.are well known to cause reproducible forelimb de- 
fects in rodents,’ they have never been proven to be terato- 
genic in humans or even in nonhuman primates. In fact, at 
least one small series described 12 women who took aceta- 
zolamide with no defects observed in their offspring.’ Fur- 

“thermore, both pilocarpine hydrochloride’ and the 
- sympathomimetics® have also produced limb abnormalities 
in laboratory animals. 

Finally, it is clear that results from teratogenesis studies 
in laboratory animals cannot be extrapolated to humans. 
The most potent human teratogen known, thalidomide (ef- 

: fective at a dose of 0.5 to 1.0 mg/kg), has no teratogenic ef- 

fect in rats and mice at 4000 mg/kg.’ However, aspirin, 

_ which has a long history of safe use in human pregnancy, 
is a potent teratogen in rats, mice, and hamsters. 

ee ne ALLAN J. FLACH, MD 

San Francisco, Calif 


“1, Spaeth GL. Glaucoma treatment and pregnancy. Arch Ophthalmol. 
1990;108:1536. 
2. Layton WM, Hallesy DW. Deformity of forelimb in rats: associated with 
. high doses of acetazolamide. Science. 1965;149:306-308. 

3, Wilson JG. Use of rhesus monkeys in teratological studies. Fed Proc. 
1971;30:104-109. 

4. Heinonen OP, Slone D, Shapiro S. Birth Defects and Drugs in Preg- 
nancy. Littleton, Mass: Publishing Sciences Group Inc; 1977. 

5. Landauer W. On teratogenic effects of pilocarpine in chick development. 
J Exp Zool. 1958;122:469-483. 

6. Jost A, Raffi J, Cowitat M. Congenital amputations determined by the 
br-gene and those induced by adrenalin injection in the rabbit fetus. In: 
Swinyard CA, ed. Limb Development and Deformity: Problems of Evaluation 
and Rehabilitation. Springfield, Ill: Charles C Thomas Publisher; 1969:187- 
199. 

T. Lenz W, Knapp K. Thalidomide embryopathy. Arch Environ Health. 
1962;5:100-105. 

8. Shepard TH. Catalog of Teratogenic Agents. 6th ed. Baltimore, Md: The 

. Johns Hopkins University Press; 1989:1660-1665. 


In Reply—I am not quite sure what point Dr Flach was 
making. Of the two sentences he quotes, he says, “This is not 
correct.” However, as Dr Flach points out, carbonic anhy- 
drase inhibitors are unquestionably teratogenic in certain 
animals. Thus, at least the final portion of the first sentence 
is correct. To my knowledge, the second sentence is also 
correct, since I know of no evidence to indicate that miot- 
ics, sympathomimetics, and 6-blockers cause abnormalities 
>. tithe doses used in ophthalmology. The studies by Landauer 
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and Jost and colleagues, cited by Flach, employed vastly 
larger doses, such as direct injection of epinephrine into a 
rabbit fetus. I may have overlooked information showing 
that miotics, sympathomimetics, and §-blockers are ter- 
atogenic in the doses used in ophthalmology. If I have, I 
would be grateful to be given the information so that I could. 
make more accurate statements in the future. I do not be- 
lieve Dr Flach is suggesting that pilocarpine and the sym- 
pathomimetics should not be used in women of childbear- _ 
ing age. The agents have been used in hundreds of thou- - 
sands of women without any apparent harmful effects on- 
the fetus. I assume that my comment, “Women. of child- 
bearing age should be cautioned against conceiving while 
they are receiving carbonic anhydrase inhibitors ..., "is_ 
what Dr Flach considers to be incorrect because he states, 
“... at least one small series described 12 women who took: 
acetazolamide with no defects observed in their offspring.” 
I agree that humans are not rats or mice or hamsters or 
monkeys; indeed, variability within humans is great. How- 
ever, since the carbonic anhydrase inhibitors do cause fetal _ 
abnormalities in other animals when administered in low 
doses, it seems reasonable to be more cautious regarding 
their use than with agents that do not appear to demon- 
strate the same intensity of teratogenicity. ee 

GEORGE L. SPAETH, MD - 

Philadelphia, Pa 









Acanthamoeba Keratitis in 
Non-Contact Lens Wearers 


To the Editor.—We read the timely article by Sharma and 
coworkers’ of nine cases of Acanthamoeba keratitis in non- 
contact lens wearers in India during a 2-year period. We 
fully agree with the authors that the diagnosis of Acan- 
thamoeba keratitis may be unduly delayed if the clinician 7 
fails to consider risk factors other than contact lens wear, ae 
ie, foreign-body injuries to the cornea and contact with 
contaminated water. There is very little reason to believe 
Acanthamoeba keratitis in non-contact lens wearers is a- 
new phenomenon; it is more likely that many of these cases 
were missed in the past. Only now are we able to appreciate 
the true incidence of Acanthamoeba keratitis in non- 
contact lens wearers, owing to a combination of heightened 
awareness, better clinical diagnostic criteria, and improved 
laboratory studies. 














See also p 471. 





In our own 2-year experience, three of 12 cases of culture- 
proven Acanthamoeba ulcerative keratitis occurred in non- 
contact lens wearers. One patient had a history of recurrent _ 
corneal erosion and was putatiyelyinfected after swimming | 
in a public pool. The secong patient had recently sustained 
a minor metallic foreign injury tó the corneal surface. 
The third patient was presumably infected from washing 

















his eyes daily with unclean well water. The first two patients 
responded well to propamidine isethionate (Brolene) and 
neomycin-polymyxin B-gramicidin (Neosporin) eyedrops, 
with final visual acuities of 20/40 or better; however, the 
third patient failed to respond to medical and surgical 
therapy, and the eye was enucleated after 7 months. In all 
three cases, the diagnosis was possibly delayed for up to 2 
weeks because the clinicians were initially lulled away from 
the correct diagnosis by the absence of contact lens wear by 
the patients. 

According to the cumulative study by the Centers for 
Disease Control, Stehr-Green and coinvestigators’ reported 
that 95% of the laboratory-verified cases of Acanthamoeba 
keratitis in the United States had at least one risk factor 
(eg, cornea trauma, exposure to contaminated water, or 
contact lens wear). Moreover, 15% of the infected patients 
did not wear contact lens. 

We thank Sharma et al' for reiterating the importance of 
including Acanthamoeba in the differential diagnosis of re- 
calcitrant keratitides in non-contact lens wearers. 

Patricia C. T. CHANG, MD 
H. Kaz Soonc, MD 
Ann Arbor, Mich 


The authors have no proprietary interest in the products mentioned in this 
letter. 
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Choice of Initial Tests for Nystagmus in Infants 


To the Editor. —The recent discussion in the ARCHIVES by 
Yee’ on the initial evaluation of nystagmus in infants and 
small children emphasizes the need for neuroradiologic imag- 
ing in cases where the nystagmus pattern is atypical. This 
approach deemphasizes the likelihood of primary sensory 
abnormalities as a frequent cause of nystagmus in infants. 

Carr and Siegel’ have provided a useful differential scheme 
for congenital nystagmus. In many instances, including ach- 
romatopsia, congenital stationary night blindness, and 
Leber's congenital amaurosis, nystagmus due to sensory ab- 
normalities cannot be reliably recognized on funduscopie ex- 
amination, or by evaluation of the nystagmus pattern. In such 
circumstances, an electroretinogram (which may easily be 
obtained without sedation in infants less than 1 year of age) 
may be a more productive and far less expensive study than 
computed tomography or magnetic resonance imaging. 

Reports of the relative frequency of sensory vs motor 
causes of nystagmus depend so strongly on the referral pat- 
terns of each clinic as to be nearly useless as a guide for 
determining the optimal order for diagnostic tests. Neverthe- 
less, the incidence of sensory nystagmus appears to be suffi- 
ciently substantial that electroretinography (together with a 
visual evoked potential study as indicated) may be the initial 
test of choice for congenital nystagmus except in those pa- 
tients with convincing signs of primary motor nystagmus (for 
whom neuroradiologic imaging is of questionable value) and in 
those patients with signs of neurologic illness or spasmus 
nutans (for whom neuroradiologic imaging is probably 
mandatory).” 

Scott E. Bropre, MD, PHD 
New York, NY 

1. Yee RD. Evaluating nystagmus in young children. Arech Ophthalmol. 

1990;108:793. 
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2. Carr RE, Siegel IM. Nystagmus and decreased vision from birth. In: 
Electrodiagnoastic Testing of the al System: A Clinical Guide. Philadel- 
phia, Pa: FA Davis Co Publishers: 1990:131-133. 

3. Isenberg SJ. Workup of common differential diagnostic problems. In: The 
Eye in Infancy. Chicago, Ii: Year Book Medical Publishers Inc; 1989:81-84. 





In Reply.—Small children with nystagmus whom ophthal- 
molegists encounter most often have congenital nystagmus 
(CN). However, other causes of nystagmus should be sought. 
The most important are neurologic disorders, since the child’s 
general health can be at risk and early medical intervention 
might be needed. Therefore, I emphasize detecting neurolog- 
ic disorders by seeking neurologic signs and symptoms and 
looking for nystagmus characteristics that are uncommon in 
CN, eg, vertical and torsional directions. Neuroradiologic 
tests are not used routinely, but are performed when neuro- 
logic disorders are suspected. 

I agree with Dr Brodie that electrophysiologic tests, such 
as e-ectroretinography, are useful in detecting some ocular 
abnermalities associated with nystagmus. The nystagmus 
ean usually be distinguished from CN. For example, nystag- 
mus- associated with rod monochromatism often has a higher 
frequency and/or smaller amplitude than CN.’ Congenital 
nystagmus has characteristic waveforms that can be revealed 
by eye movement recordings in young children.’ There are no 
effeetive treatments for many of these ocular abnormalities. 
A delay in detecting them is not as dangerous as a delay in 
detecting neurologic disorders. I usually have radiologic tests 
performed first in patients with nystagmus atypical for CN, 
but agree that electroretinography is needed to detect the 
ocular abnormalities that Dr Brodie listed. 

Roper D. YEE, MD 
Indianapolis, Ind 


1. Yee RD, Baloh RW, Honrubia V. Eye movement abnormalities in rod 
monoehromacy. Ophthalmology. 1981;88:1010-1018. 

2. Dell’Osso LF, Daroff RB. Congenital nystagmus waveforms and fovea- 
tion strategy. Doc Ophthalmol. 1975;39:155-182. 


Punch Biopsy Technique for the Ophthalmologist 


To tae Editor.—I was pleased to read the report by Warren 
and associates' describing their experience with the dis- 
posable skin biopsy punch. In 1981, we described the use of 
an essentially identical instrument, the Baker’s disposable 
biopsy punch, for obtaining tarsal conjunctival biopsy 
specimens.’ 

Since our initial report, we have modified our procedure. 
The biopsy “button” is outlined using the Acuderm punch 
described by Warren and associates. (We have discontinued 
use of the Baker’s punch due to its unavailability.) As the 
biopsy specimen is outlined, the punch penetrates the tissue 
to the desired depth. A suture is passed through the base of 
the specimen and used to provide traction as the biopsy 
button is amputated at its base with fine scissors or a scal- 
pel. 

After the needle is safely disposed of, the specimen is 
permitted to remain on the suture during fixation to facil- 
itate specimen identification, orientation, and manipulation 
by the pathologist. Use of the traction suture eliminates the 
need to grasp the excised tissue with forceps, thereby 
avoiding “crush artifact,” which precludes pathologic diag- 
nosis of delicate specimens. 

Subsequent to the publication of our report, we learned 
that Spaulding’ had described the use of outmoded corneal 
and glaucoma trephines for biopsies of skin lesions and for 
harvesting skin grafts for closing biopsy sites. This tech- 
nique, of course, lacked the convenience afforded by a pre- 
sharpened disposable punch that is available in various 
sizes. 
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I would like to thank Warren and colleagues for remind- 
ing us of the utility of the disposable skin biopsy punch in 
ophthalmic surgery. I am certain that additional uses will 
be found for it. 

JOSEPH W. SASSANI, MD 
Hershey, Pa 


Neither the author nor any family member has any proprietary interest 
in any company manufacturing or distributing skin biopsy punches. 
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A Single Scierotomy Vitreous Biopsy 
Technique in Endophthalmitis 


is necessary to prevent the globe from collapsing. However, 
one can use a single 20-gauge sclerotomy without infusion to 
rapidly and simply perform a vitrectomy biopsy in this dis- 
ease, Additional sclerotomy openings are not required. The 
suction outflow end of the vitrectomy cutter is connected to a 
“vitreous biopsy tubing adaptor,” which consists of 2.5 em of 
silicone tubing connected to a female Luer lock as shown in the 
Figure. The Luer lock is attached to a tuberculin syringe so 
that suction can be controlled manually. The cutting function 
is machine controlled. 

Under the operating microscope, the vitrectomy cutter 
enters the vitreous through the single sclerotomy so that it is 
located centrally in the anterior vitreous cavity. The syringe 
is held either in the surgeon's other hand or by the assistant. 
While the vitreous is cut at a rapid rate (>400 epm), the 
plunger on the syringe is slowly pulled back so that between 
0.15 and 0.25 mL of fluid is drawn into the syringe. Account- 
ing for dead space in the cutter and tube, this results in a total 
sample of 0.2 to 0.3 mL. Removing this sample allows for 
adequate culture material and also makes room for injection of 
two different antibiotics of 0.1 mL each into the vitreous 
cavity. If the biopsy is performed for reasons other chan 
endophthalmitis, the eye can be reconstituted with balanced 
salt solution. The single 20-gauge sclerotomy is then closed in 
routine fashion with small-gauge sutures. Whenever an in- 
strument is in the eye, care must be taken not to accidentally 
touch the lens ifthe patient is phakic. 





Vitreous biopsy tubing adapter. 
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This single sclerotomy biopsy procedure employing an in- 
expensive tubing adapter can be considered for obtaining < 
vitreous specimens in any disease, such as endophthalmitis, 
for which a small sample may be adequate. 

BERNARD H. Dorr, MD 
Karen Dorney, RN 
Pittsburgh, Pa 





sd in this study. 
The vitreous biopsy tubing adapter (Storz DP4850) is available from Storz 
Instrument Co, 3365 Tree Ct Industrial Blvd, St Louis, MO 63122. 








1. Ferster RK. Endophthalmitis. In: Schwab IR, ed. Daane’s Clinical 
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A Collection System to Obtain 
Vitreous Humor in Clinical Cases 


To the Editor.—Biochemical characteristics of the vitreous 
have been studied in animals, but very few studies have 
been conducted in clinical cases.’? The major difficulty has 
been the problem of collecting undiluted vitreous samples 
from human eyes. We have invented a safe method and de- 
vice for this purpose. 


Materials and Methods.—A collection bottle with openings on 
both sides was tightly secured to the suction tubes; one tube, 10 em 
in length, was connected to the cutter and the other was fitted to 
the pump of the vitreous machine. Initally, the vitreous cavity was 
observed and cut without suction pressure to determine a safe 
depth and position for the tip of the cutter. Next, the infusion can- 
nula for air was opened and inflated. After collecting a certain 
amount of vitreous, we stopped the machine, and the air in the in- 
fusion pipe was changed to an irrigating solution. 








-$ 





Fig 1.— The collection bottle is attached to the vitreous cutter (Ocutome) 
by splicing the silicone tube. 


Fig 2.— The collection system is diagramed to show the position of the 
instruments in the vitreous cavity. 





>» Suction 
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We applied this method to 45 eyes undergoing vitrectomies and 
collected vitreous samples of 0.6 to 1.5 mL. Informed consent was 
obtained from each patient to allow both vitreous fluid and blood 
serum sampling. 


Comment.—Before and after collecting samples, we ob- 
served no problems in eyes with vitreous hemorrhages, 
proliferative vitreoretinopathy, and proliferative diabetic 
retinopathy. 

The ability to obtain clinical samples of vitreous in eyes 
with various diseases is very important in the analysis of 
the pathogenesis of intraocular inflammation and/or vit- 
reoretinal abnormalities. Our present method uses mechan- 
ical devices for air injection, is simple to perform, and is 
potentially valuable for conducting studies of the vitreous. 

MakoTo TAMAL MD 
Mitsuru Nakazawa, MD 
Sendai, Japan 


We would like to thank Maxine Gere for reviewing the manuscript. 
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Is Prism Adaptation Helpful for 
Children With Acquired Esotropia? 


To the Editor.—The many investigators in the Prism 
Adaptation Study Research Group are to be congratulated 
for their hard work and spirit of cooperation in accom- 
plishing the first multicenter prospective study of a stra- 
bismus surgical protocol with standardized surgical tech- 
niques, methods of measurement, and masked examiners.' 

Unfortunately, their study was flawed because the orig- 
inal “conventional” surgical protocol called for amounts of 
surgery (millimeters of bilateral medial rectus recession 
performed) that were simply too small in the hands of most 
surgeons. Therefore, anything that increased the amount of 
surgery (millimeters of bimedial recession) would have in- 
creased the success rate over the control group. 

Their study called for bilateral medial rectus recessions 
(bimedial) of 3 mm for 15 prism diopters (D) of esotropia 
(ET), 3.5 mm for 20 D of ET, 4 mm for 25 D of ET, 4.5 mm 
for 30 D of ET, and 5 mm for 35 D of ET (their Table 2).' Our 
dose-response curve study of acquired ET revealed that 
more appropriate amounts of bimedial recession for ac- 
quired ET would be 4.1 mm for 15 D of ET, 4.6 mm for 20 
D of ET, 5.0 mm for 25 D of ET, 5.3 mm for 30 D of ET, and 
5.5 mm for 35 D of ET. According to our data, the surgical 
protocol used for their study was simply too small, both for 
the group receiving no prism adaptation and for the group 
whose adapted angle (larger) was not used to design the 
amount of bimedial recession chosen for each patient. 

If this is true, then the majority of the failures in both the 
group receiving no prism adaptation and the group whose 
adapted (larger) angle was not used to design the surgery 
would be significant undercorrections, which they were. 
Also, a dose-response curve based on the original angle of 
deviation (the “entry angle”) of their patients (before any 
prism adaptation was done) would probably be quite sim- 
ilar to the one we generated from our surgical results.’ The 
report by the Research Group was not sufficiently detailed 
to allow us to generate a dose-response curve from their 
data. To do so would require data on the entry angle, the 
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number of millimeters of bimedial recession performed, 
and the surgical results 6 months after surgery for each 
patient. We hope these valuable data can be made available 
to other interested investigators. 

We applaud the analysis illustrated in Fig 5 of their ar- 
ticle that indicates that among prism responders who un- 
derwent surgery according to their entry angle, the resid- 
ual postsurgical deviation corresponded to the prism 
buildup. From a practical point of view, however, their 
overall prism adaptation motor success rate was only 83%, 
lower than the success rate of our patients (91% ) receiving 
our dose-response curve amounts of bimedial recession, us- 
ing identical criteria and follow-up. Our study indicated 
that the accuracy with which the surgery can be performed 
and the accuracy with which the deviation can be measured 
will generally limit success to about 90% for bimedial 
recessions for acquired ET. 

It appears that the study by the Prism Adaptation Study 
Research Group does not prove that prism adaptation is 
needed to have a high surgical success rate for acquired ET, 
and does not prove that prism adaptation per se will 
increase the success rate of any individual surgeon who is 
already using a dose-response curve amount of bimedial re- 
cession. 

JAMES L. Mims HI, MD 
ROBERT C. Wood 
San Antonio, Tex 


1. Prism Adaptation Study Research Group. Efficacy of prism adaptation 
in tke surgical management of acquired esotropia. Arch Ophthalmol. 
199032 08:1248-1256. 

2. Mims JL HI, Tref G, Wood RC. Variability of strabismus surgery for 
acquired esotropia. Arch Ophthalmol. 1986;104:1780-1782. 


In Reply.—Dr Mims and Mr Wood present their view that 
the Prism Adaptation Trial (PAT) “was flawed because 
the...[PAT surgical table] called for amounts of sur- 
gery ... that were simply too small” for the control group, 
and suggested that surgical amounts should be determined 
by the use of a dose-response curve described in their 1986 
article. In response, we note the following: 

i. There were more overcorrections in the PAT control 
groups, which received smaller amounts of surgery on av- 
erage, than in the prism-adapted surgical group. We con- 
cluded that prism adaptation appears to identify a sub- 
group of patients in whom it is safe to perform larger 
amounts of surgery without increasing the rate of overcor- 
rection. If larger amounts of surgery had been performed 
routinely in the control groups, it is likely that the number 
of overcorrections would have increased. 

2. It is not clear, as claimed by Mims and Wood in their 
letter, that adoption of their dose-response curve in the 
PAT would have resulted in an expected 91% success rate, 
as cbserved by Mims et al. Their patients tended to be 
younger on average, and the duration of strabismus was 
shorter. Their method of measuring deviation was not 
specified. Their postsurgical evaluations were not con- 
ducted by a masked examiner as in the PAT. Some of their 
patients appear to have had deviations outside the PAT el- 
igibility limits. Ten (15%) of their 68 patients were not 
evaluated, for unspecified reasons. 

3. The statistical basis for the derivation and validation 
of the dose-response curve by Mims et al is unclear. It ap- 
pears that the curve was derived after completion of their 
1978 through 1984 series of 68 patients; the surgical table 
actually used for these patients, for which the 91% success 
rate is claimed, is not specified. However, it is clear from 
their graphs that they did not employ their own recom- 
mended dose-response curve. 
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“å. There has been no randomized, controlled comparison — 


ofthe proposed dose-response curve with more conservative 
_ ‘surgical tables, such as that used in the PAT control groups. 
Recommendations to use this curve to determine surgical 


amounts are therefore premature. 


5. Work is in progress by our group on a report relating 
the amounts of surgery and chances of motor success in 
PAT control patients. 
~~. We thank Dr Mims and Mr Wood for their thoughtful 
_ letter, which suggests to us that further clinical trials may 
be needed to identify an optimal approach to surgery and 
the use of prism-adaptation in acquired ET. 

JOHN E. ConNETT, PHD 
Minneapolis, Minn 
WILLIAM Scott, MD 
Iowa City, Iowa 


_dntraocular Pressure Changes due to Vacuum Fixation 
Ring During Excimer Laser Corneal Surgery 


To the Editor.—Ablation of the superficial cornea with the 
193-nm excimer laser is being performed in clinical trials 
for correction of myopia (photorefractive keratectomy)! 
and for removal of superficial corneal opacities and surface 
irregularities (phototherapeutic keratectomy).? According 
to.some of these protocols, a vacuum fixation ring is placed 
on the limbus; this ring allows the surgeon to control fixa- 
tion of the globe during surgery and blow air over the sur- 
face of the cornea, removing debris liberated during the 
ablation procedure.' Similar vacuum fixation devices have 
been used for other surgical corneal procedures, such as 
myopic keratomileusis, and have been shown to generate 
markedly elevated intraocular pressures (in excess of 65 
mm Hg) that might be dangerous if sustained for prolonged 
periods.’ To assess the potential for elevation of intraocu- 
- lar pressure during excimer laser superficial keratectomy, 
- we measured the pressure in four eyes before and after 
-placement of the vacuum fixation ring used with the exci- 
mer laser (Twenty-Two, VISX Inc, Sunnyvale, Calif). 
-< After the cornea was anesthetized with proparacaine and 
a. lid speculum was inserted, intraocular pressures were 
measured with the patient supine in the surgical chair. In- 
= traocular pressures were measured (Tono-Pen, Oculab, 
- Glendale, Calif) with two readings at each time point: be- 
_ fore placement of the fixation ring on the eye, after place- 
ment of the ring but before activation of the suction device, 
immediately after activation of the suction device, and 60 
seconds after activation of the suction device (to examine 
the possibility of a time-dependent pressure rise). The four 
eyes underwent removal of superficial corneal opacities, and 
none of the patients had a history of glaucoma, elevated in- 
traocular pressure, or anterior chamber angle abnormali- 
ties on gonioscopy. 
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*Two measurements were taken at each time. 


The results obtained for these four patients are shown in 
the Table. Resting intraocular pressure was 18.4 + 09mm 
Hg (mean + SD). Placement of the ring on the eye resulted _ 
in a mean intraocular pressure increase of 5.5 mm Hg __ 
(P < .001); application of suction, an additional mean in- . ~ 
crease of 4.5 mm Hg (P <.01); and application of suction __ 
during 60 seconds, a slight decrease of 0.18 mm Hg, but this. 
change was not statistically significant (P = .92). ~ 

We conclude that the intraocular pressure elevations of _ - 
about 10 mm Hg caused by the vacuum fixation ring device 
used in these superficial excimer ablation procedures do not 
appear to represent a threat to vascular perfusion. of the 
eye. This is in contrast to the markedly high pressuresthat 
have been recorded at the time of myopic keratomileusis. In 
addition, because of the short duration of the excimer laser 
procedure ac than 30 seconds in most cases), any such 
pressure elevation will be very brief. 

PETER J. MCDONNELL, MD 
HAMILTON MOREIRA, MD 
JENNY GARBUS 

Los Angeles, Calif 

STEVE TROKEL, MD 

New York, NY 


TERRANCE N. CLAPHAM 
JOHN D’ARCY 
Sunnyvale, Calif 
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Solving one puzzle of 
patient communications... 


Medicolegal Forms with Legal Analysis is the ideal resource for 
assembling the legal pieces of your physician-patient relations. 
This newly-revised single volume contains virtually all the 
sample forms you need to develop customized medicolegal 
documentation for your medical practice. 

Medicolegal Forms contains more than 80 sample forms » 
developed by the AMA's Office of the General Counsel, along 
with discussions explaining the use and structure of the forms 
and case law citations. woe i : 

Only Medicolegal Forms with Legal Analysis assembles — 
this valuable information so conveniently for adaptation to 
individual practice situations. 

Order your copy today; call toll-free 1-800-621-8335 
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OFFERS A BROAD SPECTRUM OF COVERAGE 
AND POTENT IN VITRO ACTIVITY 













































































*The clinical significance of these in vitro data is unknown. 


THE FIRST OF A STRONG NEW CLASS 





AFTER ONLY 7 DAYS, IMPRESSIVE RESULTS 
FOR BACTERIAL CONJUNCTIVITIS 


After only 7 days, CILOXAN™ is microbiologically and clinically effective 
in lessening the intensity and shortening the duration of serious 
bacterial conjunctivitis. 







































































CLINICAL SIGNIFICANCE 


After only 7 days, 1 of every 2 patients was completely 
resolved of signs and symptoms (n = 109). 


Please see brief summary of prescribing information to follow. 
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(ciprofloxacin HCI) 0.3% as Base 
terile Ophthalmic Solution 











































































POWERFUL ENOUGH TO TREAT EVEN 
THE TOUGHEST OCULAR INFECTIONS 


Clinical success“ for corneal ulcer patients 
on single-agent CILOXAN therapy 


91.8% 
Overall 








(n=148) 


* Clinical success is defined as resolution of bacterial infection and 
complete re-epithelialization of the cornea. 


THE POWER TO SUCCEED AS SINGLE-AGENT THERAPY 


Clinical success for corneal ulcer patients was achieved using CILOXAN 
as single-agent therapy, without the inclusion of fortified, systemic, 
subconjunctival injections, or other topical therapy. 


THE FIRST OF A STRONG NEW CLASS 








SHORT DURATION OF THERAPY 


Average Number of Days on Therapy for Corneal Ulcer Patients 





AFTER ONLY 3 DAYS OF THERAPY, 63% OF CORNEAL 
ULCERS WERE COMPLETELY RE-EPITHELIALIZED 


Percent of corneal ulcers with complete 
re-epithelialization over time (n=148) 
100 


% of ulcers 
or 
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(ciprofloxacin HCI) 0.3% as Base 
Sterile Ophthalmic Solution 





























WELL ACCEPTED IN EXTENSIVE 
CLINICAL TRIALS 


>a of patients completed 
therapy (n=950) 





Patient acceptance level of CILOXAN is very high. In extensive clinical 
studies, 99% of patients treated with CILOXAN completed therapy. The 
most frequently reported drug related adverse reaction was local 
burning or discomfort. In corneal ulcer studies involving 210 patients 
with frequent administration of the drug, white crystalline precipitates 
were seen in approximately 17% of patients. The precipitate did not 
preclude continued use of CILOXAN, nor did it adversely affect the 
clinical course of the ulcer or visual outcome. 


CIPROFLOXACIN HAS EXHIBITED A 
LOW FREQUENCY OF RESISTANCE 


CILOXAN attacks bacteria differently by destroying bacteria through 
inhibition of the DNA gyrase. Therefore, resistance is not plasmid 
mediated, nor is CILOXAN inactivated by bacterial enzymes. Only 
chromosomal mutation has been identified as a possible cause of 
bacterial resistance to fluoroquinolones. 


CILOXAN does not cross-react with other antimicrobial agents such as 
beta-lactams or aminoglycosides; therefore organisms resistant to 
these drugs may be susceptible to CILOXAN. 
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THE CILOXAN DIFFERENCE 
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SPECTRUM, POWER, AND SPEED ENHANCED 
BY A DIFFERENCE IN CHEMICAL STRUCTURE 


CILOXAN is truly unique in its chemical structure. CILOXAN is the only 
fluoroquinolone with a cyclopropyl group which increases the overall 
potency of the drug. 
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(ciprofloxacin HCI) 0.3% as Base 
Sterile Ophthalmic Solution 
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(ciprofloxacin HCl) 0.3% as Base 
Sterile Ophthalmic Solution 








A broad spectrum of activity against important ocular pathogens 





The power to treat even the toughest ocular infections 


Rapid resolution of serious ocular infections 


PLEASE SEE BRIEF SUMMARY OF PRESCRIBING INFORMATION ON THE NEXT PAGE. 
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(ciprofloxacin HCI) 0.3% as Base 
Sterile Ophthalmic Solution 


DESCRIPTION: CILOXAN™ (Ciprofloxacin HCl) Ophthalmic Solution is 
asynthetic, sterile, multiple dose, antimicrobial for topical ophthalmic use. 


INDICATIONS AND USAGE: CILOXAN™ Ophthalmic Solution is indi- 
cated for the treatment of infections caused by susceptible strains of 
the designated microorganisms in the conditions listed below: 
Corneal Ulcers: Pseudomonas aeruginosa 

Serratia marcescens* 

Staphylococcus aureus 

Staphylococcus epidermidis 

Streptococcus pneumoniae 

Streptococcus (Viridans Group)” 
Conjunctivitis: Staphylococcus aureus 

Staphylococcus epidermidis 

Streptococcus pneumoniae” 
*Efficacy for this organism was studied in fewer than 10 infections. 


CONTRAINDICATIONS: A history of hypersensitivity to ciprofloxacin or 
any other component of the medication is a contraindication to its use. 
A history of hypersensitivity to other quinolones may also contraindi- 
cate the use of ciprofloxacin. 


WARNINGS: NOT FOR INJECTION INTO THE EYE. 
Serious and occasionally fatal hypersensitivity (anaphylactic) reac- 
tions, some following the first dose, have been reported in patients 
receiving systemic quinolone therapy. Some reactions were accompa- 
nied by cardiovascular collapse, loss of consciousness, tingling, pha- 
ryngeal or facial edema, dyspnea, urticaria, and itching. 

nly a few patients had a history of hypersensitivity reac- 
tions. Serious anaphylactic reactions require immediate 
emergency treatment with epinephrine and other resus- 
citation measures, including oxygen, intravenous fluids, 
intravenous antihistamines, corticosteroids, pressor 
amines, and airway management, as clinically indicated. 


PRECAUTIONS: 

General: As with other antibacterial preparations, pro- 

longed use of ciprofloxacin may result in overgrowth of 

nonsusceptible organisms, including fungi. If superinfec- 

tion occurs, appropriate therapy should be initiated. 

Whenever clinical judgment dictates, the patient should 

be examined with the aid of magnification, such as slit 

lamp biomicroscopy and, where appropriate, fluorescein 

Staining. 

Ciprofloxacin should be discontinued at the first 
appearance of a skin rash or any other sign of hypersen- 
sitivity reaction. 
in clinical studies of patients with bacterial corneal ulcer, a white 

crystalline precipitate located in the superficial portion of the corneal 

defect was observed in 35 (16.6%) of 210 patients. The onset of the pre- 

cipitate was within 24 hours to 7 days after starting therapy. In one 

patient, the precipitate was immediately irrigated out upon its appear- 

ance. In 17 patients, resolution of the precipitate was seen in 1 to 8 days 

(seven within the first 24-72 hours), in five patients, resolution was 

noted 'in 10-13 days. in nine patients, exact resolution days were unavail- 

able; however, at follow-up examinations; 18-44 days after onset of the 
“event, complete resolution of the precipitate was noted. In three 
“patients, outcome information was unavailable. The precipitate did not 

preclude continued use of ciprofloxacin, nor did it adversely affect the 

clinical course of the ulcer or visual outcome. (SEE ADVERSE 

REACTIONS). 


Drug Interactions: Specific drug interaction studies have not been 
conducted with ophthalmic ciprofloxacin. However, the systemic admin- 
istration.of some quinolones has been shown to elevate plasma con- 
centrations of theophylline, interfere with the metabolism of caffeine, 
enhances the effects of the oral anticoagulant, warfarin, and its deriva- 
tives. and has been associated with transient elevations in serum creati- 
nine in patients receiving cyclosporine concomitantly. 

Carcinogenesis, Mutagenesis, impairment of Fertility: Eight in vitro 
mutagenicity tests have been conducted with ciprofloxacin and the test 
results are listed below: 


Saimoneila/Microsome Test (Negative) 

E. coli DNA Repair Assay (Negative) 

Mouse Lymphoma Cell Forward Mutation Assay (Positive) 
Chinese Hamster Vz Cell HGPRT Test (Negative) 

Syrian Hamster Embryo Cell Transformation Assay (Negative) 
Saccharomyces cerevisiae Point Mutation Assay (Negative) 
Saccharomyces cerevisiae Mitotic Crossover and Gene 
Conversion Assay (Negative) 

Rat Hepatocyte DNA Repair Assay (Positive) 


Thus, two of the eight tests were positive, but the results of the following 
three in vivo test systems gave negative results: 


Rat Hepatocyte DNA Repair Assay 
Micronucleus Test (Mice) 
Dominant Lethal Test (Mice) 


Long term carcinogenicity studies in mice and rats have been com- 
pleted. After daily oral dosing for up to two years, there is no evidence 
that ciprofloxacin had any carcinogenic or tumorigenic effects in these 
species. 
Pregnancy-Pregnancy Category C: Reproduction studies have been 
performed in rats and mice at doses up to six times the usual daily 
human oral dose and have revealed no evidence of impaired fertility or 
harm to the fetus due to ciprofloxacin. in rabbits, as with most antimicro- 
bial agents, ciprofloxacin (30 and 100 mg/kg orally) produced gastroin- 
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either dose. After intravenous administration, at doses úp- 
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Case Reports 


Metastatic Bronchogenic 
Carcinoma of the Iris and 
Ciliary Body 


Tumor metastasis to the iris and cili- 
ary body is a rare complication of lung 
neoplasia and, infrequently, can be the 
first sign of the primary malignancy. 
In these instances, distinguishing be- 
tween a diagnosis of primary neoplasia 
and metastatic carcinoma can be dif- 
ficult. In the case we report, it was 
necessary to enucleate the patient’s 
eye to obtain information about the 
origin of the tumor and to exclude the 
rare possibility of a primary tumor. 


Report of a Case.—A 79-year-old man 
presented at our outpatient clinic com- 
plaining of progressive loss of vision, pain, 
and redness in his left eye during the pre- 
vious 3 weeks. Ocular examination of the 
left eye showed corneal edema, an ocular 
pressure of 56 mm Hg, and a saddle-shaped 
tumor involving the iris in the superior- 
temporal quadrant. This mass filled much 
of the anterior chamber and also protruded 
posteriorly. A hypopyon occupied one fifth 
of the anterior chamber (Fig 1). 

Ocular pressure was lowered with topical 
timolol maleate and oral acetazolamide 
(250 mg four times daily). A thorough 
search was conducted by the Internal Med- 
icine Service and included barium radio- 
graphic examination of the gastrointesti- 
nal tract, colonoscopy, and pulmonary to- 
mography. No primary tumor source was 
found in any system. Aspiration of the an- 
terior chamber hypopyen revealed only 
nonspecific inflammatory cells. 

We decided to enucleate the patient’s eye 
following a clinical diagnosis of malignant 
melanoma vs metastatic carcinoma. Micro- 
scopic examination revealed a vascularized 
tumor with areas of necrosis that was com- 
posed of lobulated masses of highly ana- 
plastic cells in the configuration of an epi- 
thelial carcinoma. Tumor cells and fibrin 
were found to account for the hypopyon. 
Results of Fontana’s stains, alcian blue 
stains, and neuron-specific enolase tests 
were normal. A few cells were periodic 
acid-Schiff positive. The pathologist’s di- 
agnosis was metastatic carcinoma of an 
undetermined origin (Fig 2). 

Five months later, the patient came into 

_ our emergency service suffering from dys- 
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Fig 1.—Slit-lamp examination of the left eye 
tumor (T). Notice the protrusion in the posterior 
chamber of the tumor mass (S) and the 
pseudohypopyon (H). 





Fig 2.— Glandular pattern of cells, suggestive 
of adenocarcinoma (Fontana’s stain, original 
magnification X200). 


pnea and hemoptysis. A bronchoscopy in- 
dicated bronchogenic carcinoma. He died 2 
weeks later. 


Comment.—Metastatic carcinoma is 
the most common form of intraocular 
malignancy.’ Tumor invelvement of 
the anterior segment is much less com- 
mon than involvement of the posterior 
segment.’ The appearance and diagno- 
sis of metastatic tumors imply an un- 





favorable diagnosis; most patients die 
of the primary malignancy within sev- 
eral months. The median survival of 
patients with metastasis to the ante- 
rior segment of the eye, after surgery, 
is 5.4 months? 

Metastatic tumors involving the an- 
terior segment most commonly origi- 
nate in the lung. The second most 
likely place of origin is in the breast. 
Approximately 51% of solitary iris 
nodules caused by metastatic malig- 
nancy originate in the lung, while 20% 
originate in the breast. Other primary 
sites of origin are the skin, esophagus, 
kidney, and tumors of unknown cause.’ 

There is a propensity for the tumor 
to involve the horizontal meridian, 
rather than the upper or lower por- 
tions, of the iris or ciliary body? For- 
ty-four percent of patients with me- 
tastasis of the iris present with signs 
and symptoms of anterior uveitis.“ 
Examination of tumor cells in an aspi- 
rate of anterior-chamber fluid may 
determine the neoplastic origin of the 
metastatic tumor. If identification is 
successful, this technique may spare 
the patient enucleation and preserve 
the eye for the remaining few months 
of life. Some physicians use local ir- 
radiation of the metastatic tumor to 
induce regression of the neoplastic 
mass.’ 
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Marta CARRERAS, MD 
MANUEL QUINTANA, MD 
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Acanthamoeba Keratitis 
Following Keratopiasty 
Without Other Identifiabie 
Risk Factors 


Acanthamoeba keratitis, most fre- 
quently occurring in the setting of 
contact lens wear, has been widely 
documented over the past several 
years. We encountered a case of Acan- 
thamoeba keratitis following pene- 
trating keratoplasty without other 
identifiable risk factors. 


Report of a Case.—A 74-year-old white 
woman underwent penetrating kerato- 
plasty in her right eye for bullous keratop- 
athy. She was referred 6 months later for 
evaluation of a retrocorneal membrane and 
glaucoma. Examination revealed a retained 
Deseemet’s membrane, stromal edema, 
epithelial haze, and punctate epithelial ero- 
sions in the right eye. Repeated penetrating 
keratoplasty with extracapsular cataract 
extraction and posterior chamber intraoc- 
ular lens was subsequently performed by 
the referring physician. Three weeks after 
surgery, the patient developed an inferior 
stromal keratitis, epithelial defect, and hy- 
popyon in the right eye and was referred for 
management. 





See also p 463. 





Results of anterior chamber and vitreous 
taps and corneal cultures were negative for 
organisms, as was subsequent corneal bi- 
opsy. Following initial improvement with 
broad-spectrum topical antibiotics, the 
keratitis progressed with development of 
circumferential crystalline keratopathy 
(Fig 1). Diagnostic penetrating kerato- 
plasty was performed on the right eye. 
Acanthamoeba cysts and trophozoites were 
identified histopathologically and cultures 
of the button were ultimately positive for 
Acanthamoeba after a 3-week incubation 
period. Speciation by the Centers for Dis- 
ease Control (Atlanta, Ga) revealed Acan- 
thamoeba polyphaga and Acanthamoeba 
rhysodes. 

Methodical review of the patient's medi- 
cal and social history failed to elicit any 
known risk factors for the organism. His- 
topathologic review of two previously ex- 
planted buttons identified Acanthamoeba 
organisms in the second implanted button 
(Fig 2). Therefore, the infection was pre- 
sumably acquired at some point following 
the first graft but prior to the second. Con- 
sultation with the appropriate eye bank 
identified no risk factors in the involved 
donor; the donor’s other cornea had been 
transplanted without incident. Specific do- 
nor information was as follows: age, 54 
years; cause of death, myocardial infarc- 
tion; elapsed time between death and enu- 
cleation, 3 hours 10 minutes; and preserva- 
tion medium, K-Sol. 

Despite intensive medical therapy with 
hourly 1% propamidine isethionate, dibro- 
mopropamidine, Neosporin, topical clotri- 
mazole, and systemic ketoconazole, a per- 
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Fig 1.—Three weeks following the second 
penetrating keratoplasty, the patient was re- 
ferred with an inferior stromal keratitis and hy- 
popyon. The keratitis (large arrow) progressed 
with development of circumferential crystalline 
keratoplasty (small arrow). 





Fig 2.—Histopathologic review of the two pre- 
viously explanted buttons identified Acan- 
thamoeba trophozoites (large arrow) and cysts 
(small arrow) in the second explanted button. 


sistent epithelial defect developed and vi- 
sion deteriorated to no light perception. 
Histopathologic examination following 
enucleation revealed corneal necrosis with 
amoebic cysts, iris necrosis, retinal gliosis, 
and optic atrophy. 


Comment.—To our knowledge, this 
is the first report of Acanthamoeba 
keratitis following penetrating kera- 
toplasty without other identifiable risk 
factors. While the centers for Disease 
Control report another case of Acan- 
thamoeba keratitis following pene- 
trating keratoplasty, the recipient’s 
diagnosis included keratoconus with 
prior history of contact lens wear (J. K. 
Stehr-Green, MD, personal communi- 
cation, February 1989). 

The ubiquitous nature of Acan- 
thamoeba is well documented, and 





human exposure to it is probably 
frequent.: The exact mechanism. by 
which this opportunistic organismin- 
fects the human cornea is unknown but 
is believed to be multifactorial and en- 
hanced by the presence of epithelial 
trauma, a large inoculum of orga- 
nisms, and compromised host defense 
mechanisms.*? In this case, penetrat- 
ing keratoplasty provided a source of 
epithelial trauma and postoperative 
topical steroids may have altered the 
host defense mechanisms. The inocu- 
lum of organisms is less readily iden- 
tified and issues of transmission be- 
come paramount. 

Direct airborne transmission ap- 
pears an unlikely source of sufficient 
inoculum of organisms to cause infec- 
tion. The external ocular flora may 
provide a chronic source of organisms 
with facilitated transmission. How- 
ever, we were unable to identify Acan- 
thamoeba on smear or culture of the 
uninfected left conjunctiva. 


Finally, we are forced to consider the 


possibility of transmission of Acan- 
thamoeba organisms via keratoplasty 
of donor tissue. While this seems an 
unlikely, albeit alarming, mechanism 
of transmission, it eannot be dis- 
counted. 

CAROLYN M. PARRISH, MD 

WILLIAM S. HEAD 

Denis M. O’Day, MD 

Nashville, Tenn 


WILLIAM Row.etr, MD 
Hopkinsville, Ky 
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Orbital Myositis Associated 
With Herpes Zoster 





Herpes zoster (HZ) virus is a neuro- 
tropic virus that frequently involves 
the ophthalmic division of the trigemi- 
nal nerve. The common clinical find- 
ings in HZ ophthalmicus are well rec- 
ognized and inelude vesicular lesions 
and edema of the eyelid and periorbital 
skin, keratoconjunctivitis,  scleritis, 
and uveitis. Ophthalmoplegia fre- 
quently occurs with HZ virus infec- 
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tion, and HZ virus-induced orbital 
myositis has been considered a possi- 
ble pathogenetic mechanism.’ Howev- 
er, well-documented cases illustrating 
this association are lacking.” Proptosis 
secondary to HZ virus-induced orbital 
inflammation has been reported; how- 
ever, these cases occurred in the era 
before computed tomography. We re- 
port a case of orbital myositis in a 
patient who developed HZ ophthalmi- 
cus 1 day after the onset of orbital 
symptoms. 


Report of a Case.—A 45-year-old white 
man presented to the emergency depart- 
ment with a 2-day history of sharp pains 
behind the left eve, swelling and burning 
around the left eve, intermittent binocular 
double vision, and a vague discomfort over 
the left side of his head. The patient had a 
history of “colitis,” which had been inactive 
for 15 vears and for which he took 
sulfasalazine. 

The patient was afebrile with no skin 
lesions. Visual acuity was 20/20 OU. There 
was 3 mm of proptosis in the left eve as 
measured by Hertel exophthalmometry. 
The patient had retrobulbar tenderness on 
palpation and retrodisplacement in the left 
eye. Upgaze and adduction were limited in 
the left eve, resulting in diplopia in these 
fields of gaze, On slit-lamp examination, the 
conjunctiva in the left eye was mildly hy- 
peremic and chemotic. The optic nerve and 
retina appeared normal. A computed tomo- 
graphic scan revealed enlargement of the 
muscle bellies of the left medial, lateral, anc 
inferior rectus muscles, but the tendons of 
the involved muscles were spared (Fig 1). A 
diagnosis of acute idiopathic orbital inflam- 
mation was made and the patient receivec 
80 mg of oral prednisone per day. 

The following day, the patient developec 
vesicular skin lesions in the distribution of 
the ophthalmic division of the left fifth 
cranial nerve. He returned for a seconc 
examination 2 days later, at which time the 
skin lesions were noted along with tender 
preauricular lymphadenopathy. The patient 
received S00 mg of acyclovir five times per 
day and the steroid treatment was tapered 
over 3 days. Three days later, the patients 
pain and diplopia had resolved, but a mild 
anterior uveitis was noted on slit-lamp ex- 
amination and topical steroid treatment was 
begun. The patient completed a 7-day 
course of acyclovir and a 2-week tapered 
course of topical steroids; 3 weeks later he 
was asymptomatic with normal examination 
results. A repeated computed tomographic 
sean was performed at 7 weeks and showed 
resolution of the extraocular muscle swell- 
ing (Fig 2). The patient did not develop 
postherpetic neuralgia. At last follow-up, 1 
year after his initial presentation, the pa- 
tient was asymptomatie with full motility 
and normal anterior segment examination 
results. 








Comment.—Ophthalmoplegia is well 
recognized in HZ ophthalmicus. It may 
result from contiguous inflammation in 
the cavernous sinus affecting the ocu- 
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Fig 1.—Axial and coronal computed tomo- 
graphic scan performed at the tme of presen- 
tation demonstrating enlargement of the bel- 
lies of the medial (white arrows), lateral (black 
arrows), and inferior rectus muscles. The ten- 
dons were not involved. 





Fig 2.~—Axial and coronal computed tomo- 
graphic scan (at approximately the same lev- 
elas Fig 1) performed 7 weeks efter presenta- 
tion showing resolution of medial rectus 
(white arrows) and lateral rectus (black ar- 
rows) swelling. 


lomotor nerves, direct viral spread 
into the oculomotor nerves from senso- 
ry branches, or perhaps frem myositis. 
Myositis may result from direct viral 
infection of the muscle with induced 
inflammation or may accompany viral 
infection of blood vessels and associat- 
ed perivasculitis. In one series, myosi- 
tis was an important etiologic consider- 
ation in HZ virus-induced fourth nerve 
palsies.’ To date, extraocular muscles 





have not been evaluated histopathclog- 
ically in eyes with acute HZ virus~in- 
duced ophthalmoplegia. This case sup- 
ports the hypothesis that HZ virus can 
cause myositis, which may be responsi- 
ble for extraocular muscle dysfunction 
in certain cases. It also adds HZ oph- 
thalmicus to the differential diagnosis 
of acute orbital inflammation. 
NICHOLAS J. VOLPE, MD 
JOHN W. SHORE, MD 
Boston, Mass 
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Contractile Optic 
Disc Coloboma 








Contractility of optic dise coloboma is 
rare. We report herein the case of a 
woman with a contractile optic colobo- 
ma. 


Report of a Case.—A 41-year-old woman 
presented with poor visual acuity in her 
right eye since birth. She was otherwise 
healthy. 

The best corrected visual acuity was 20/ 
300 OD and 20/20 OS. The right eye showed 
a +1 relative afferent pupillary defect. The 
anterior segment was normal bilaterally. 
Fundus examination revealed an anoma- 
lous right optie dise (Figure), which ap- 
peared enlarged and deeply excavated cen- 
trally. The optie dise was also continuous 
with a colobomatous defect that extended 
inferotemporally (Figure). The neural rim 
appeared thin. There was glial tissue in the 
center of the dise. The retinal vessels ema- 
nated from the disc in an anomalous pat- 
tern. No retinal detachment was present. 
Superotemporal to the disc was a sectoral 
area of bone-spicule pigmentation distal to 
an attenuated retinal venule. 

During fundus photography, the right 
optic dise was noted to undergo several 
contractions. With each contraction, the 
floor of the coloboma rose to about the level 
of the surrounding retina, and the horizon- 
tal dise diameter appeared slightly dimin- 
ished (Figure). Parts of the retinal vessels 
near the nasal neural rim, which were 
invisible during relaxation, became visible 
during contraction. The border of the 
coloboma appeared more sharply defined 
during relaxation. The contractions of the 
dise did not coincide with heartbeats or 
respiration. There were no colobomas in the 
left eye. 


Comment.—Coloboma is the result 
of faulty closure of the fetal fissure 
during embryogenesis. Iris and chori- 
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Colobomatous optic disc during relaxation (left) and contraction (right). Parts of the retinal 
vessels near the nasal neural rim, which were invisible during relaxation, became visible 
during contraction. The border of the coloboma appeared better defined during relaxation. 


oretinal colobomas typically occur in- 
feronasally. However, since the fetal 
fissure surrounds the optic disc during 
embryogenesis, any faulty closure of 
the fetal fissure at the optic nerve may 
lead to a coloboma extending in any 
direction.'! The optic dise coloboma in 
our patient extended inferotemporal- 
ly. 
The anomalous optic disc in our pa- 
tient exemplifies a contractile optic 
coloboma. To the best of our knowl- 
edge, this is the first photographic 
documentation of contractility in an 
optic disc coloboma. Heterotopic 
smooth muscle has been demonstrated 
histopathologically in optie disc 
coloboma’? and may explain the con- 
tractions of the right optic disc in our 
patient. Contractility has also been 
described in peripapillary staphy- 


loma, and heterotopic smooth muscle 
may be responsible for contractility in 
these cases as well.* 

In 1971, Kral and Svare’ reported 
a case of contractile peripapillary 
staphyloma in which contractions 
could be provoked by shining light di- 
rectly into the affected eye. In our pa- 
tient, exposure to the flashes of the 
fundus camera may have induced con- 
tractions in the optic dise coloboma. 

Amaurosis fugax and periodic dila- 
tation of retinal venules have been re- 
ported in peripapillary staphyloma, 
suggesting that blood flow through the 
retinal vasculature may be intermit- 
tently compromised by a sphincterlike 
contracture of the heterotopic smooth 
muscle around the optic nerve.* A 
similar mechanism could have caused 
a branch retinal vein occlusion in our 
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The eyes 
can be 
windows 
to a lot 
more than 
the soul. 


Some of the most poetic 
passages throughout history 
have been written about 
the eyes. 

But this isn't one of them. 


Ocular beta blockers can 
affect more than the eyes. 


Unfortunate, but true. 
Minutes after a single dose of 
an ocular beta blocker, the 
drug is detectable in the 
plasma of most individuals.’ 
That’s important when you 


consider that most glaucoma oo 


patients are elderly. With age 
comes anormal declinein  ? 
physiologic function and 
increased susceptibility to 
systemic disease. And 
concomitant systemic 
medication increases the 
likelihood of adverse drug 
reactions.” 
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With BETOPTIC®S (bet: 
HCl) you can expect long 
term maintenance of IOP 
reduction.’ A superior pu 
nary safety profile.” Mini 
cardiovascular effects.° A 
very low incidence of rep 
systemic side effects, incl 
ing CNS effects. 

Doesn't it make sense 
consider BETOPTICS wh 
treating the elderly glauc 
patient? 
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BETOPTICE S ipetaxoiol HCI) 0.25% as base Sterile Ophthalmic Suspension 
DESCRIPTION: BETOPTIC S Ophthalmic Suspension 0.25% contains betaxolol hydrochioride, a 


- gardio-selective beta-adrenergic receptor blocking agent, in a sterile resin suspension formulation. 


INDICATIONS AND USAGE: BETOPTIC S Ophthalmic Suspension 0.25% has been shown to be 
effective in lowering intraocular pressure and may be used in patients with chronic open-angie 
glaucoma and ocular hypertension. It may be used alone or in combination with other intraocular 
pressure lowering medications. 

CONTRAINDICATIONS: Hypersensitivity to any component of this product. BETOPTIC $ Ophthaimic 
Suspension 0.25% is contraindicated in patients with sinus bradycardia, greater than a first degree 
atrioventricular block, cardiogenic shock, or patients with overt cardiac failure. 

WARNING: Topically applied beta-adrenergic blocking agents may be absorbed systemically. The 
same adverse reactions found with systemic administration of beta-adrenergic blocking agents may 
occur with topical administration. For example, severe respiratory reactions and cardiac reactions, 
including death due to bronchospasm in patients with asthma, and rarely death in association with 
cardiac failure, have been reported with topical application of beta-adrenergic biocking agents. 
BETOPTIC S Ophthalmic Suspension 0.25% has been shown to have a minor effect on heart rate and 
blood pressure in clinical studies, Caution shouid be used in treating patients with a history of cardiac 
failure or heart block. Treatment with BETOPTIC S Ophthaimic Suspension 0.25% should be 
discontinued at the first signs of cardiac failure. 

PRECAUTIONS: General: Diabetes Mellitus, Beta-adrenergic blocking agents should be administered 


-With caution. in patients subject to spontaneous hypoglycemia or to diabetic patients (especially those 


with labile diabetes} who are receiving insulin or oral hypoglycemic agents. Beta-adrenergic receptor 
blocking agents may mask the signs and symptoms of acute hypoglycemia. Thyrotoxicosis. Beta- 
adrenergic blocking agents may mask certain clinical signs (e.g., tachycardia} of hyperthyroidism. 
Patients suspected of developing thyrotoxicosis should be managed carefully to avoid abrupt 
withdrawal of beta-adrenergic blocking agents, which might precipitate a thyroid storm. 
Muscle Weakness. Beta-adrenergic blockade has been reported to potentiate muscie weakness 
consistent with certain myasthenic symptoms (e.g.. diplopia, ptosis and generalized weakness). 
Major Surgery. Consideration should be given te the gradual withdrawal of beta-adrenergic blocking 
agents prior to general anesthesia because of the reduced ability of the heart to respond to beta- 
adrenergically mediated sympathetic reflex stimuli. Pulmonary. Caution should be exercised in the 
treatment of glaucoma patients with excessive restriction of pulmonary function. There have been 


: reports of asthmatic attacks and pulmonary distress during betaxolol treatment. Although 


rechallenges of some such patients with ophthalmic betaxotal has not adversely affected pulmonary 
function test results, the possibility of adverse pulmonary effects in patients sensitive te beta blockers 
cannot be ruled out. Drug interactions: Patients who are receiving a beta-adrenergic biocking agent 
orally and BETOPTIC S Ophthalmic Suspension 0.25% should be observed for a potential additive 
effect either on the intraocular pressure or on the known systemic effects of beta blockade. Close 
‘observation of the patient is recommended when a beta blocker is administered to patients receiving 
catecholamine-depleting drugs such as reserpine, because of possible additive effects and the 
production of hypotension and/or bradycardia. Betaxolol is an adrenergic biocking agent; therefore, 
Caution should be exercised in patients using concomitant adrenergic psychotropic drugs. Ocular: In 
patients with angie-closure glaucoma, the immediate treatment objective is te reopen the angle by 
constriction of the pupil with a miotic agent. Betaxolot has little or no effect on the pupil. When 
BETOPTIC S Ophthalmic Suspension 0.25% is used to reduce elevated intraocular pressure in angle- 
closure glaucoma, it should be used with a miotic and not alone. Carcinogenesis, Mutagenesis, 
impairment of Fertility: Lifetime studies with betaxoio! HC! have been completed in mice at oral 
doses of 6, 20 or 60 mg/kg/day and in rats at 3, 12 or 48 mg/kg/day; betaxolo! HC! demonstrated no 
carcinogenic effect. Higher dose levels were not tested. in a variety of in vitro and in vivo bacterial and 
mammalian cell assays, betaxole! HC! was nonmutagenic. Pregnancy: Pregnancy Category C. 
Reproduction, teratology, and peri- and postnatal studies have been conducted with orally 
administered betaxolo! HCI in rats and rabbits. There was evidence of drug related postimplantation 
loss in rabbits and rats at dose levels above 12 mg/kg and 128 mg/kg, respectively. Betaxclo! HC! was 
not shown to be teratogenic, however, and there were no other adverse effects on reproduction at 
subtoxic dose levels. There are no adequate and well-controlled studies in pregnant women, 
BETOPTIC S should be used during pregnancy only if the potential benefit justifies the potential risk to 
the fetus. Nursing Mothers: It is not known whether betaxolo! HC! is excreted in human milk. Because 
many drugs are excreted in human milk, caution should be exercised when BETOPTIC S Ophthalmic 
Suspension 0.25% is administered to nursing women. Pediatric Use: Safety and effectiveness in 
children have not been established. 

ADVERSE REACTIONS: Ocular: in clinical triais, the most frequent event associated with the use of 
BETOPTIC S Ophthalmic Suspension 0.25% has been transient ocular discomfort. The following other 
Conditions have been reported in smali numbers of patients: blurred vision, corneal punctate keratitis, 
foreign body sensation, photophobia, tearing, itching, dryness of eyes, erythema, inflammation, 
discharge, ocular pain, decreased visual acuity and crusty lashes. Additional medical events reported 
with other formulations of betaxolol include allergic reactions, decreased corneal sensitivity, edema 
and anisocoria. Systemic: Systemic reactions following administration of BETOPTIC S Ophthalmic 


© Suspension 0.25% or BETOPTIC Ophthalmic Solution 0.5% have been rarely reported. These include: 


Cardiovascular: Bradycardia, heart block and congestive failure. Pulmonary: Pulmonary distress 
characterized by dyspnea, bronchospasm, thickened bronchial secretions, asthma and respiratory 
failure. Central Nervous System: insomnia, dizziness, vertigo, headaches, depression, and lethargy. 
Other: Hives, toxic epidermal necrolysis, hair loss, and glossitis. 

OVERDOSAGE: No information is available on overdosage of humans. The oral LD50 of the drug 
ranged from 350-920 mg/kg in mice and 860-1050 mg/kg in rats. The symptoms which might be 
expected with an overdose of a systemically administered beta-1-adrenergic receptor blocking agent 
are bradycardia, hypotension and acute cardiac failure. A topical overdose of BETOPTIC S Ophthalmic 
‘Suspension 0.25% may be flushed from the eye(s) with warm tap water. 

CAUTION: Federal (USA) Law Prohibits Dispensing Without a Prescription. 

U.S. Patent Nos. 4,252,984: 4,311,708; 4,342,783;4,91 1,920. 


Alcon 
OPHTHALMIC 


ALCON LABORATORIES, INC. 
FORT WORTH, TEXAS 76134 




























j rA TE. YOU 
£74 NOTIN BUSINESS TO FAVORS. 
LYE GOT BUILDINGS Tes Put UR 
















OL TOOK FOU ON, SURE, BUT 
i NEVER BELT Ui D 





(YAKE IT BALKEREARKIMG WORK 
ROTTEN WEATHER o. : 





BUT YOU BO GOOD . 
WORK, ROBERTS, Alt LEVER 
AND STARTING “MONDAY NEEDED 
LENOW YOULL BE BAAS A 
A GOOD FOREMAN, CHANCE, 





| Everybody deserves 

| a chance to | 

| make it on their own. 

{ 
The National Urban League is 

dedicated to achieving equal 

| opportunity for all. And you can 

| help. Contact your local Urban 

League or write: 


Seo 


National Urban League 
f 500 East 62nd Street 
New York, N.Y. 10021 


Bad 


Coun 

















San Francisco Passes Ordinance Regulating VDT Use 


San Francisco, Calif. —On December 27, 1990, San 
Francisco became the first city in the United States to 
pass an ordinance regulating the use of video display 
terminals (VDTs) in the workplace. 

The ordinance, approved by San Francisco's Board of 
Supervisors on December 11, 1990, and signed by May- 

` or Art Agnos on December 27, 1990, requires business- 
es to provide adjustable chairs and terminals with de- 
tachable keyboards and screens that tilt and can be 
adjusted for height. The ordinance also requires that 
employees be given 15-minute rest periods or be trans- 
ferred to other work for 15-minute intervals after every 
2 hours of work at the VDT. 

The ordinance takes effect 2 years after passage, in 
January 1993, and it affects city offices and companies 
with 15 or more employees. An estimated 56 000 work- 
ers will be affected by the ordinance. Beginning 1 year 
after passage of the ordinance, any new equipment 
purchased by the city and affected companies must 
comply with the new ordinance. Within 2 1/2 years after 
passage, the city and the affected companies will be 
required to upgrade old equipment in compliance with 
the law, but expenditures will not have to be in excess of 
$250 per work station. 

Workers such as architects who use computer-aided 
design terminals and stock traders who use terminals to 
check stock prices but whose occupations do not involve 
entering large amounts of data are exempt from the 
ordinance. 

The San Francisco Board of Supervisors estimates 
that compliance with the ordinance will cost businesses 
between $31.5 and $76.5 million. Compliance by city 
offices will cost between $1.4 and $3.4 million. 

In an attempt to accommodate both business and 
labor, Mayor Agnos has worked out an agreement to 
extend compliance with the ordinance from 2 to 4 years. 





Julie Foreman, Section Editor 
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Under the agreement, the mayor will sign the legisla- 
tion as written and the Board of Supervisors will start 
work immediately on amendments incorporating this 
change. 

The San Francisco ordinance is not the first attempt 
to regulate VDT usage. In 1988, the legislature in _ 
Suffolk County, New York, tried to pass legislation 
regulating use of VDTs, but the vote was overridden by 
the county executive's veto.’ The Suffolk County legis- 


lation was based on a study by the Kaiser-Permanete 


Medical Care Program in Oakland, Calif. The study 
found that expectant mothers who spend 20 or more 
hours per week at VDTs were twice as likely to suffer a 
miscarriage during the first trimester of pregnancy as 
those who did not use VDTs. 

In December 1989, a New York City ordinance that 
would have set standards for VDT use for municipal 
employees was vetoed by Mayor Edward I. Koch. 
Koch’s veto was based on the lack of compelling evi- 
dence that the use of VDTs represented a serious health 
hazard. 

The legislation recently passed in San Francisco is of 
interest to both industry and labor and could give mo- 
mentum to other efforts to regulate the design and 
usage of computer terminals. These efforts have the 
potential to affect the work environment of nearly 25 
million VDT users. 

Dr Bruce Dickerson, executive director of the Center 
for Office Technology, a New York organization that 
collects information on VDT safety and regulation, said 
that the San Francisco legislation “could be looked upon 
as a model or a protocol for other states and 
municipalities.” 

JULIE FOREMAN 

1. Foreman J. ‘VDTs put strain on county legislature’ Arch Ophthalmol. 
1988:106:1173. 

2. Rossignol AM, Morse EP, Summers VM, Pagnotto LD. Video display 


terminal use and reported health symptoms among Massachusetts clerical 
workers. J Occup Med. 1987:29:112-118. 
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~ Book Reviews 
Edited by Daniel M. Albert, MD 


Ophthalmology— Oral History Se- 
ries—A Link with Our Past: An Inter- 
view With Thomas David Duane, MD, 
conducted in 1988 by S. S. Hughes, Re- 
gional Oral History Office, University of 
California, Berkeley, in cooperation with 
the Foundation of the American Academy 
of Ophthalmology, 178 pp with black- 
and-white illus, 1989, $55. 


This book is part of the recent series 
of interviews with selected leaders in 
ophthalmology inaugurated in 1986 by 
the Oral Histories Committee of the 
American Academy of Ophthalmol- 
ogy. There are introductory comments 
by individuals who worked closely 
with Dr Duane during his long and il- 
lustrious career. These are followed by 
several detailed interviews conducted 
by Sally S. Hughes, PhD, at the Duane 
farm in Bucks County, Pennsylvania. 
The first interview, entitled “Family 
Background and Education,” begins 


“.. noteworthy for all ophthal- 


mologists interested in the recent 
history of our specialty...” 


with a vivid account of how his Ger- 
man and Irish ancestors settled in 
America and opened a small tea and 
coffee shop in Peoria, Il, which even- 
tually expanded into a large business 
venture. His father left the business to 
obtain a formal education, completed 
medical school, and later studied oph- 
thalmology under Dr Ernst Fuchs in 
Vienna, Austria. 

Tom eventually went to Harvard as 
an undergraduate and to Northwest- 
ern University Medical School. While 
an intern at Evanston (Ill) Hospital, he 
met his future wife and lifelong com- 
panion, Julia McElhinney Duane. Be- 
cause of his father’s influence, he sub- 
sequently entered a residency in oph- 
thalmology at the University of lowa 
where he trained under Dr C. S. 
O’Brien, with whom he had several in- 
teresting encounters that are de- 
scribed in the book. 

The second interview is entitled 
“Ophthalmologist. in Private Prac- 
tice.” In 1949, Tom opened a small 
ophthalmology practice in Minot, ND, 
became disenchanted with the climate, 
and left within a year. He subse- 
quently entered private practice in 
Bethlehem, Pa, and remained there 
from 1949 to 1962. 

The third interview, entitled “Mili- 
tary Service,” covers Tom’s activities 
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after he volunteered for duty during 
the Korean War. It was during that 
time that his interest in ophthalmic 
research began to flourish. 

The fourth interview, entitled “Aca- 
demia,” describes his activities as a 
research associate at the University of 
Pennsylvania from 1960 to 1962 and 
his subsequent role in develeping the 
Department of Ophthalmology at the 
Thomas Jefferson University Medical 
School. Included are accounts of how 
he handled many difficult issues dur- 
ing the affiliation of Thomas Jefferson 
University with the Wills Eye Hospi- 
tal. The affiliation culminated in the 
construction of the current Wills Eye 
Hospital in Philadelphia, Pa; Tom re- 
mained there as ophthalmologist-in- 
chief until his retirement. 

In the last interview, entitled “Com- 
mittee Work, Memberships, Publica- 
tions and Honors,” Tom describes his 
expanding activities in national oph- 
thalmology and his contributions to 
the development of the National Eye 
Institute. Finally, he comments on his 
scientific contributions and his activi- 
ties in many leading societies in oph- 
thalmology. 

This book is noteworthy for all oph- 
thalmologists interested in the recent 
history of our specialty who wish to 
read the fascinating story of an influ- 
ential individual who played a key role 
in that history. It will be of even 
greater interest to the many people 
who have known Tom during his years 
asa staff physician at the University of 
Pennsylvania, Thomas Jefferson Uni- 
versity, and Wills Eye Hospital and for 
those who have worked with aim ona 
national level. 

JERRY A. SHIELDS, MD 
Philadelphia, Pa 


Complications de la Chirargie du 
Segment Anterieur, by L. Durand and C. 
Burillon, 521 pp, Paris, France, Masson 
Publishing Co and French Seciety of 
Ophthalmology, 1990, $109. 


This book, the result of a 5-year col- 
laborative work under the auspices of 
the French Society of Ophthalmology, 
reflects a growing concern toward the 
complications of anterior segment sur- 
gery. The research team, led by a rep- 
resentative of one of the best surgical 
schools in France, has succeeded in 
showing that despite its increasing so- 
phistication, ophthalmic surgery still 
may induce severe complications. Most 


of these problems are adequately dealt 
with, although it is difficult to cover 
comprehensively all topics of retinal 
complications in such a format. A 
strong emphasis is placed on under- 
standing the causes, improving pre- 
vention efforts, and coping with vari- 





“...deserves to be on the 
shelves of any French-speaking 
ophthalmic surgeon.” 





ous challenging situations. Addressing 
crucial and often overlooked problems, 
this work deserves to be on the shelves 
of any French-speaking ophthalmic 
surgeon. 
J. SAHEL, MD 
Strasbourg, France 


The Eye In Systemic Disease, by 
Daniel H. Gold and Thomas A. Weingeist, 
752 pp with 350 illus, Philadelphia, Pa, JB 
Lippincott, 1990, $87.50. 


The Eye in Systemic Disease is a 
multiauthored textbook with the 
stated aim of examining “the interre- 
lationships between the eye and sys- 
temic disease.” The editors acknowl- 
edge that a detailed description of each 
disorder included in the book would 
require a multivolume, encyclopedic 
set, and, instead, have placed an em- 
phasis on the pathophysiologic fea- 
tures linking the systemic and ocular 
manifestations of diseases. The book 
achieves its stated goal, providing an 
excellent reference on the ocular man- 
ifestations of a wide range of systemic 
illnesses in a single, readable volume. 

The text is divided into 22 sections 
according to organ system, such as re- 
nal and cardiac disorders, or according 
to disease type, such as chromosomal 
disorders or the phakomatoses. There 
is an additional section on the ocular 
manifestations associated with preg- 


“',.an excellent reference on 
the ocular manifestations of a wide 
range of systemic illnesses in a 
single, readable volume.” 


nancy. Neurologic disorders with ocu- 
lar manifestations are not included in 
the book but the neuro-ophthalmologic 
complications of systemic diseases are 
discussed under the separate disease 
entities. Each section contains a chap- 
ter for each disease presented. Al- 
though the book is written by 318 cli- 
nicians, the chapters are relatively 


Book Reviews 


uniform in their structure, providing a 
welcome cohesiveness to the work. 
Each chapter contains a brief defini- 
tion of the disease followed by sections 
on systemic manifestations and ocular 
manifestations. Many of the sections 
include separate portions on patho- 
physiology; however, a discussion of 
the disease mechanisms causing both 
systemic and ocular complications is 
included in most of the chapters. High- 
quality black-and-white photographs 
of both the systemic and ocular mani- 
festations of the diseases discussed 
accompany the text, and tables, when 
used, are succinct and helpful. 

Many of the limitations of this book 
have been self-imposed in an effort to 
keep the book to a single, readable vol- 
ume. Most chapters list, but do not 
elaborate on, diagnostic tests and pro- 
cedures. Although generally up to 
date, some of the newer diagnostic 
tests, like antineutrophil cytoplasmic 
antibodies, which are relatively spe- 
cific to Wegener’s granulomatosis, are 
not mentioned. Current references are 
listed at the end of each chapter, al- 
though some chapters could be refer- 
enced more completely. Nevertheless, 
the volume’s limitations are more than 
compensated for by the wide spectrum 
of diseases included and the wealth of 
information on systemic and ocular 
complications that is presented in its 
pages. 

Both common and rare illnesses are 
discussed in the book. For example, the 
section on hematologic disorders con- 
tains not only chapters on leukemia 
and sickle cell disease, but also chap- 
ters discussing the ocular manifesta- 
tions of disseminated intravascular 
coagulation and benign monoclonal 
gammopathy. The sections on meta- 
bolic disorders and skeletal disorders 
are especially comprehensive, with 
succinct chapters on even the rarer 
syndromes, such as the Rubinstein- 
Taybi syndrome and Zellweger’s syn- 
drome. The sections on infectious dis- 
eases and skin and mucous membrane 
disorders will also be helpful for most 
readers. Chapters on common diseases 
like diabetes mellitus may not teach 
the ophthalmologist about new ocular 
manifestations but do provide well- 
written discussions of underlying 
pathophysiology that will be of special 
interest to internists and primary care 
providers. 

The book is predominantly written 
for the ophthalmologist. Ocular signs 
are listed with little descriptive infor- 
mation for the nonophthalmic medical 
practitioner. Black-and-white photo- 
graphs are more than adequate to 
illustrate the ocular signs for oph- 
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thalmic practitioners familiar with 
eye findings, but may be less helpful to 
other practitioners. However, the book 
is such a well-organized compendium 
on the topic that general medical prac- 
titioners will still find the book useful 
and enjoyable. 

The Eye in Systemic Disease is a 
welcome addition to the ophthalmic 
literature and one of the best intro- 
ductory texts on the subject. The book 
does not contain detailed information 
on the diagnosis and treatment of ill- 
nesses but is an outstanding review of 
the ophthalmologic manifestations of 
systemic illnesses. Most ophthalmolo- 
gists and other interested medical 
practitioners will want to read this 
book and have it available as a valu- 
able reference. 

Scott M. Wuitcup, MD 
Bethesda, Md 


A History of Immunology, by Arthur 
M. Silverstein, 442 pp with black-and- 
white illus, Orlando, Fla, Academic Press 
Inc, 1989, $39.95. 


In this book Arthur Silverstein un- 
dertakes the ambitious task of pre- 
senting, in historic context, the unify- 
ing themes of immunologic research. 
He succeeds brilliantly. This is an 
epistemology of scientific thought, of 
immunology in particular, and a his- 
tory of ideas. Rather than follow a 
time line through developments in the 


“ all scientists and physi- 
cians will enjoy this substantial 
history.” 


field, Silverstein chooses the more 
challenging, but also more rewarding, 
thematic approach. Most chapters fo- 
cus on a major immunologic concept or 
problem, its importance in the context 
of scientific and social thought at var- 
ious times, the major scientists who 
theorized on or investigated the con- 
cept, and the concept’s place in our 
current paradigm. 

Some of the chapters have been 
published previously, and others were 
written specifically for this book. Each 
chapter can be read and appreciated 
alone, but, when considered as a group, 
they yield a history of immunologic 
thought with both detail and scope. 
The chapters include the following: 
“Theories of Acquired Immunity,” 
“The Royal Experiment on Immunity, 
1721-1722,” “Cellular Versus Humoral 
Immunity,” “Theories of Antibody 
Formation,” “The Concept of Immu- 
nologic Specificity,” “Immunologic 
Specificity, Continued,’ “Horror 
Autotoxicus,” “The Concept of Auto- 


immunity,” “The Donath-Landsteiner _ 


Autoantibody,” “Allergy and Immu-. 


nopathology,” “Antiantibodies and: 
Anti-idiotype 
1899-1904,” “Transplantation and Im-- 
munogenetics,” and “Magic Bullets 
and Poisoned Arrows: The Uses of An- 
tibody.” Valuable appendixes summa- 
rize important publications, Nobel 
Prize highlights, and biographical fig- 
ures. The references are comprehen- 
sive and the indexes (both subject and 
name) are thorough. 

The historical context approach re- 
quires some repetition, but this is tol- 
erable. Thomas Kuhn’s influence on 
the interpretation of scientific pro- 
gress is appropriately addressed in a 
number of chapters; the reader is fre- 
quently reminded of the prevailing 
paradigms of the time. That society 
influences scientific thought and ex- 
perimentation is hardly a novel idea, 
but the theme is compelling when ap- 
plied to the history of immunology. 
When the upper classes of early 18th- 
century England and America suf- 
fered the ravages of smallpox with the 
rest of the populace, the time was right 
for the monarch to sanction human 
experimentation and vaccination. (The 
first subjects were inmates at Newgate 
Prison in London, England, and re- 
ceived pardons in exchange for their 
participation.) In the late 19th cen- 
tury, French and particularly German 
nationalism clouded the scientific ob- 
jectivity of otherwise brilliant investi- 
gators, and for decades the debate be- 
tween the primacy of cellular vs hu- 
moral immunity to infection was 
influenced by geographieal borders. 

Those involved in vision research 
will enjoy references to ocular immu- 
nology in the broader scheme of the 
history of immunology. Aurel von 
Szily’s “anaphylaxis,” sympathetic 
ophthalmia, and corneal transplanta- 
tion are given their due. There is also 
a discussion of the relatively early 
success of corneal transplantation in 
relation to other tissue grafts, but 
some may disagree with the overly 
simplistic explanation of corneal “im- 
mune privilege.” 

While A History of Immunology “is 
primarily directed to young immunol- 
ogists, to provide both a better under- 
standing of where immunology is to- 
day and how it got there as well as an 
introduction to the many social, polit- 
ical, and interpersonal factors that 
have influenced more than a century of 
progress in immunology,” all scien- 
tists and physicians will enjoy this 
substantial history. 

MICHAEL RAIZMAN, MD 
Boston, Mass 
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Questions and Answers 
Edited by Stewart MacKay Wolff, MD 


Should an Electroretinogram Be Obtained for Patients 
With Vein Occlusion? 


Do I need to obtain an electroretinogram for patients who 

present with central retinal vein occlusion? Should the 
results be used to determine whether laser photocoagulation 
should be performed? 


A The purpose of obtaining an electroretinogram in cases 

of central retinal vein occlusion is to help determine the 
degree of ischemia in the retina. With retinal artery compro- 
mise and inner-layer ischemia, the B-wave of the electroreti- 
nogram shows a decrease in amplitude that is out of propor- 
tion to the decrease in amplitude of the A-wave. Other 
procedures, such as fluorescein angiography and clinical judg- 
ment of the appearance of the fundus, also give information as 
to the degree of ischemia. 

Depending on the degree of retinal ischemia, some ophthal- 
mologists have recommended panretinal photocoagulation to 
treat the complications of vein occlusion. Since electroreti- 
nography is one test of ischemia’s presence, it may be used if 
additional information is needed to make a decision. Certain- 
ly, an electroretinogram is not mandatory. Whether panre- 
tinal photocoagulation is mandatory in ischemic central reti- 
nal vein occlusion in the absence of iridocorneal 
neovascularization awaits the results of controlled studies. 

THEODORE LAWWILL, MD 
Kansas City, Kan 





Reversible Glaucomatous Disc Change 





Does disc reversibility change your approach to glaucoma 
management? 


Reversibility of glaucomatous dise changes has been 
A an accepted phenomenon in the infantile and juvenile 
glaucomas. Such reversibility in the adult glaucomas, al- 
though occurring less frequently, has been noted in the 
recent literature. These studies have shown that lowering 
intraocular pressure can reverse disc cupping. Shin et al! 
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reported a direct correlation between the amount of in- 
traocular pressure reduction and the amount of decrease of 
the cup-disc ratio, the increase in neuroretinal rim area, and 
the decrease in cup volume. In addition, technology cur- 
rently exists to document disc changes. Computed image 
analysis and photogrammetry of the disc are sensitive and 
reproducible techniques. 

If reversibility of cupping is a real phenomenon in cases 
of adult glaucoma, what is its clinical significance? Katz and 
coworkers’ reported improved visual fields in 31% of those 
patients who demonstrated optic disc cupping reversal. 
Shin et al concluded that the greater the reduction in pres- 
sure, the greater the reversal. One could then theorize that 
the lower the intraocular pressure, the greater the revers- 
ible changes and, therefore, the greater the chance of im- 
proved visual field! 

Such ideas on reversing damage to the optic nerve are 
exciting, but their prevalence and clinical significance have 
not been established. More studies are needed to determine 
what percentage of reduction in pressure might be neces- 
sary to see dise reversibility and also which patients are 
likely to demonstrate such reversibility. It is important, 
however, that clinicians begin to look for these reversible 
signs in patients with glaucoma. 

Perhaps in the future we might find cause to change our 
therapeutic goals in an attempt to achieve reversal of optic 
nerve cupping and visual field loss. However, at present, our 
goal as clinicians should be to keep pressures low enough to 
prevent progressive damage to the disc and progressive field 
loss. 

RICHARD J. Simmons, MD 
LINDA J. GREFF, MD 
Boston, Mass 


L Skin DH, Bielik M, Hong YJ, Briggs KS, Shi DX. Reversal of glaucoma- 
tous dise cupping in adult patients. Arch Ophthalmol. 1989;107:1599-1603. 

2. Schwartz B, Takamoto T, Nagin P. Measurements of reversibility of 
optic dise cupping and pallor in ocular hypertension and glaucoma. Ophthal- 
mology. 1985;92:1396-1407. 

3. Katz Ld, Spaeth GL, Canton LB, Poryzees EM, Steinmann WC. Revers- 
ible optic disc cupping and visual field improvement in adults with glaucoma. 
Am J Cphthalmol. 1989;10T-485-492. 


Questions and Answers 


News and Comment 





Johns B. Holds, MD, Appointed As- 
sistant Professor at St Louis (Mo) 
University School of Medicine.—An 
< announcement printed originally in the 
December 1990 issue of the ARCHIVES 
neglected to mention that Dr Holds 
served his residency at Baylor College 
of Medicine, Cullen Eye Institute, 
Houston, Tex. His residency was fol- 
lowed by an ophthalmic, plastic, orbital, 
and oncologie surgery fellowship at the 
University of Utah in Salt Lake City. 


Shinobu Awaya, MD, Elected Pres- 
ident of International Strabismologi- 
cal Association. —At the Sixth Qua- 
drennial Meeting of the International 
Strabismological Association, held in 
Queensland, Australia, March 11 to 16, 
1990, Shinobu Awaya, MD, was elected 
president of the association for the next 
4 years. Dr Awaya is currently profes- 
sor and chairman of the Department of 
Ophthalmology at the Nagoya (Japan) 
University School of Medicine. 





Timothy ffytche Delivers Lec- 
ture. — Timothy ffytche, FRCS, 
FRCOphth, Consultant Ophthalmolo- 
gist to St Thomas’ Hospital, Moorfields 
Eye Hospital, and the Hospital for 
Tropical Diseases in London, England, 
delivered the fourth Mohammed Aziz 
Memorial Annual Lecture on Blindness 
in the Tropics on March 8, 1991. The 
title of the lecture, given at the Wilmer 
Institute at the Johns Hopkins Hospital 
in Baltimore, Md, was “Ocular Leprosy: 
The Continuing Challenge.” 


Richard A. Hill, MD, Joins Univer- 
sity of California, Irvine. — Richard A. 
Hill, MD, has joined the faculty of the 
Department of Ophthalmology at the 
University of California, Irvine (UCD. 
He was appointed assistant professor 
and deputy chief of the Ophthalmology 
Service at the UCI Medical Center, 
where he alsco heads the Glaucoma Ser- 
vice. Prior to joining the UCI, Dr Hill 
completed his fellowship in glaucoma at 


the Estelle Doheny Eye Institute at the - i 


University of Southern California in 
Los Angeles, 


Computer Granted to Medical Eye 
Bank of Florida.—The VISTEC Com- 
pany, an international ophthalmologic 
research and development firm in Sara- 
sota, Fla, has made available a new 
multi-user computer system through a 
grant to the Medical Eye Bank of Flori- 
da. The Medical Eye Bank of Florida 
will use the computer to facilitate the 
distribution of eye tissue for corneal 
transplant surgery, research into the 
causes and cures of human blindness, 
and medical education. Based in Orlan- 
do, the Medical Eye Bank of Florida is a 
nonprofit eye bank serving six counties 
in Florida. Eye tissue donated to the 
Eye Bank is used for sight-restoring 
corneal transplant surgery. Tissue un- 
suitable for transplantation is used for 
medical research and training. 





Obituaries 





AINSWORTH, William Nicholson, 
59, Jacksonville, Fla; Emory Universi- 
ty School of Medicine, 1959; residency, 
Grady Memorial Hospital, 1963; certi- 
fied by the American Board of Ophthal- 
mology; died September 3, 1989. 


BABACZ, Teofil, 81, Phoenixville, Pa; 
Temple University School of Medicine, 
1934; certified by the American Board of 
Ophthalmology; died September 25, 
1990. 


BARTHOLOMEW, Henry H., 69, Salt 
~ Lake City, Utah: University of Penn- 
sylvania School of Medicine, 1949; resi- 
dency, San Francisco General Hospital, 
1955; certified by the American Board of 
Ophthalmology; died October 4, 1990. 


BONNER, Robert A., 71, Williams- 
port, Pa; Georgetown School of Medi- 
cine, 1952; died September 12, 1990. 


CLARK, Charles Edward, Jr, 73, Me- 
tairie, La; University of Michigan Medi- 
cal School, 1943; residency, Eye, Ear, 
Nose, & Throat Hospital, 1950; certified 
by the American Board of Ophthalmolo- 
gy; died November 3, 1990. 


DOZIER, Horace B., 73, New Or- 


leans, La; Tulane University School of 
Medicine, 1939; residency, Charity 
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Hospital of Louisiana-Louisiana State 
University, 1946; certified by the 
American Board of Ophthalmology; 
died August 1, 1989. 


LAUGHLIN, Robert Clark, 81, Seat- 
tle, Wash; The Johns Hopkins Universi- 
ty Schoo! of Medicine, 1935; residency, 
The Johns Hopkins Hospital, 1941; cer- 
tified by the American Board of Oph- 
thalmology; died October 17, 1990. 


MONROE, John William, 79, Benton, 
Il; St Louis University School of Medi- 
cine, 1936; died September 19, 1990. 


PEARSON, William Henry, 77, Port- 
land, Ore; University of Alberta, Facili- 
ty of Medicine, 1940; residency, Dallas 
Veterans Administration Hospital, 
1962; died November 29, 1990. 


REDFERN, Nelson R. E., 40, Fort 
Lauderdale, Fla; Harvard Medical 
School, 1975; residency, University of 
Miami/Jackson Memorial Medical Cen- 
ter, 1979; died September 20, 1990. 


SCHULTZ, Alfred George, 80, Jack- 
sonville, Fla; Northwestern University 
Medical School, 1937; residency, Rush- 
Presbyterian-St Lukes Center, 1939; 
certified by the American Board of Oph- 
thalmology; died October 5, 1990. 


SIMPSON, G. Victor, 91, Washington, 
DC; University of Western Ontario, Fa- 
cility of Medicine, 1921; certified by the 
American Board of Ophthalmology; 
died September 29, 1990. 


STAMBAUGH, James Lee, Jr, 63, 
Lexington, Ky; University of Louisville 
School of Medicine, 1948; residency, 
Veterans Administration Medical Cen- 
ter, 1950, University of Cincinnati Hos- 
pital, 1952; certified by the American 
Board of Ophthalmology; died Septem- 
ber 23, 1990. 


STOCKER, Marvin Leonard, 75, Red- 
ford, Mich; Wayne State University 
School of Medicine, 1943; died Novem- 
ber 10, 1990. 


ST CLAIR, Robert Theron, 83, Visa- 
lia, Calif; University of Minnesota Med- 
ical School-Minneapolis, 1937; residen- 
cy, Valley Medical Center of Fresno, 
1958; certified by the American Board of 
Ophthalmology; died July 7, 1990. 


WHITNEY, Percy Theodore, 87, 
Salisbury, Vt; Boston University 
School of Medicine, 1930; certified by 
the American Board of Ophthalmology; 
died April 25, 1990. 
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Monographs for Physicians 
and Other Health Care Workers 










































































HIV Disease is a major health care 
challenge to physicians and other 
medical professionals. With an 
estimated 1.5 million Americans 
infected with HIV, you must stay 
informed. No other single resource 
can give you more practical 
information quickly and concisely. 


Asingle, practical resource 
HIV Infection and Disease 
provides authoritative, practical 
information. These 16 monographs 
are in a highly concentrated form. 
Since each monograph takes about 
an hour to read, it’s an excellent 
self-study tool. 


This single resource 
includes information 
about: 

© HIV and Features of Its Infection 

¢ The Use of Anti-Retroviral 
Therapy for the Treatment of 
AIDS and Related Disorders 

e Alternative Therapies 

e Physicians and Home Health 
Care for Patients with AIDS 

e Ethical Issues in AIDS and HIV 
Infection 


Rely on the opinion of 
experts 


HIV Infection and Disease features 
a forward by C. Everett Koop, MD, 


ScD, former Surgeon General, 
United States Public Health Service 
(1981-1989) Each monograph 
presents authoritative information 
on HIV, written and reviewed by 
a panel composed of such leading 
authorities as Dani P Bolognesi, 
PhD, Samuel Broder, MD, Anthony 
S. Fauci, MD, Harold W. Jaffe, MD, 
and Jay A. Levy, MD. 


Gain proficiency in HIV diagnosis 


and treatment... order your copy 
of HIV Infection and Disease today. 





Complete and mail this form along with your payment to: 
Book & Pamphlet Fulfiliment/OP014690, American Medical 
Association, PO. Box 10946, Chicago, IL 60610-0946 


Please send me: 
(AMA Member) m copies @ $8.00 ea. $ 
(Non-member ) copies @ $10.00 ea. $ 
Add sales tax (CA, DC, IL, NY oniy) $ 
Total $ 
Phone orders: Cail toll free: 1-800-621-8335. 
For information on quantity discounts, call the AMA Order 


Department 312-464-2000. 


> Please allow 4-6 weeks for delivery * Prices subject to change without notice 
+ Payment must accompany order 





Name 





Address 





City/State/Zip 
Please indicate method of payment: 
Enclosed is my check payable to: American Medical Association 


MasterCard ee VES 





Account # Exp. Date 





Cardholders Signature Daytime Phone # 
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Now IOPIDINE® solution has been shown to be safe 
and effective in reducing or preventing acute IOP 
elevations frequently associated with neodymium-YAG 
posterior capsulotomies.'* IOPIDINE solution is 
already recognized for effectively controlling or 





vhs 2h 37 tek reventing postsurgical IOP spikes following argon 
Interval atter ¢ tem 8 ga ý 
terva et anuig laser trabeculoplasty and iridotomy.'*” This new 
> A eee 2 i icd i E ses s > Jp NES j a rE» 
After neodymium-YAG posterior capsulotomy, mean indic ation promises to make 1O} IDINE solution even 
intraocular pressure (TOP) rose to a maximum 31% more valuable to the ophthalmic laser surgeon. 


increase over baseline pressure in placebo-treated eyes and 
decreased 20% in IOPIDINE 


-treated eves. 
Only two drops needed. One 
drop in the scheduled operative 
eye one hour before surgery. one 


ae APRACIONDINE HYDROCH ORDE 


1% As Base Sterile Ophthalmic Solution 


Alcon 


SURGICAL IOPIDINE ophthalmic solution has 
Alcon Surgical, Ine., 6201 South Freeway. Fort Worth. TX 76134 inima ~ z ate ¢ 
See E PEN ease f minimal effect on heart rate and blood 
E A E 1008 innovation pressure; however, caution should 
BSS 909 Without be observed in treating patients with 
Please see references and brief summary of prescribing Compromise severe cardiovascular disease including 
information on the next page hypertension. See Precautions and 
Adverse Reactions. 

















“44. Brown RH, Stewart RH, Lynch MG, et al. ALO 2145 reduces the intraocular pressure elevation 
after anterior segment laser surgery. Ophthalmology. 1988; 95:378-384. 
2. Richter CU, Arzeno G, Pappas HR, et al. intraocular pressure elevation following Nd:YAG laser 
“o> posterior capsulotomy. Ophthalmology 1985;92:636-640. 
30 Channeli MM, Beckman H. intraocular pressure changes after neodymium-YAG laser posterior 
4 





x capsulotomy. Arch Ophthalmol. 1984;102:1024-1026. 

“4. Pollack iP, Brown RH, Crandall AS, Robin AL, Stewart RH, White GL. Prevention of the rise in 
intraocular pressure following neodymium-YAG posterior capsulotomy using topical 1% 
apracionidine. Arch Ophthaimoi. 1988:106:754-757. 

Robin AL, Pollack IP, House B, Enger C. Effects of ALO 2145 on intraocular pressure following 
argon laser trabeculoplasty. Arch Ophthalmol. 1987;105:646. 
6; Robin AL, Pollack IP, deFalier IM. Effects of topical ALO 2145 (paminocionidine hydrochloride) on 
oo the acute intraocular pressure rise after argon laser iridotomy. Arch Ophthaimo!, 1987;105:1208. 
207: Abrams DA, Robin AL, Pollack IP. deFailer JM, DeSantis L. The safety and efficacy of topical 1% 
ALO 2145 (parninocionidine hydrochloride) in normal volunteers. Arch Ophthaimoi. 
1987 :105:1205-1207. 
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: ‘Brief Summary 
< JOPIDINE* 
© (apracionidine hydrochloride} 
2 4% As Base 
Sterile Ophthalmic Solution 
- JOPIDINE® Ophthalmic Solution contains apracionidine hydrochioride, an alpha adrenergic agonist, ina 
"Sterile isotonic solution for topical application to the eye. 


INDICATIONS AND USAGE 

: IOPIDINE (apracionidine hydrochioride) Ophthalmic Solution is indicated to control or prevent postsurgi- 
gal elevations in intraocular pressure that occur in patients after argon laser trabeculoplasty, argon laser 
-cindotomy or Nd:YAG posterior capsulotomy. 


‘CONTRAINDICATIONS 
Z AOPIDINE Ophthalmic Solution is contraindicated for patients receiving monoamine oxidase inhibitor ther 
_a@py and for patients with hypersensitivity to any component of this medication or to clonidine. 
-PRECAUTIONS 
< General 
= Since IOPIDINE Ophthalmic Solution is a potent depressor of intraocular pressure, patients who develop 
- exaggerated reductions in intraocular pressure shouid be closely monitored. 
© “Although the acute administration of two drops of IOPIDINE Ophthaimic Solution has minimal effect on 
_ heart rate or blood pressure in clinical studies evaluating patients undergoing anterior segment laser 
“surgery, the preclinical pharmacologic profile of this drug suggests that caution should be observed in 
-Aveating patients with severe cardiovascular disease including hypertension. 
"The possibility of a vasovagal attack occurring during laser surgery should be considered and caution 
used in patients with history of such episodes. 
=< Topiecal ocular administration of two drops of 0.5%, 1.0% and 1.5% !OPIDINE Ophthaimic Solution to New 
= Zealand Albino rabbits three times daily for one month resulted in sporadic and transient instances of 
< Minimal comeal cloudiness in the 1.5% group only. No histopathological changes were noted in those 
“eyes. No adverse ocular effects were observed in cynomotgus monkeys treated with two drops of 1.5% 
< JOPIDINE Ophthalmic Solution applied three times daily for three months. No corneal changes were 
© “observed in 320 humans given at least one dose of 1.0% IOPIDINE Ophthaimic Solution. 
> Drug Interactions 
“interactions with other agents have not been investigated. 
“Carcinogenesis, Mutagenesis, Impairment of Fertility 
in a variety of in vitro cell assays, apracionidine was nonmutagenic. Studies addressing carcinagenesis 
cand the impairment of fertility have not been conducted. 
- Pregnancy Category C 
i: There are no adequate and well controlled studies of IOPIDINE Ophthalmic Solution in pregnant women. 
=: Animal reproduction studies have not been conducted with apraclonidine hydrochloride. This medication 
z -should be used in pregnancy only if the potential benefit to the mother justifies the potential risk to the 
<o fetus. 
- Nursing Mothers 
“tis net known if topically applied JOPIDINE Ophthaimic Solution is excreted in human miik. A decision 
<a should be considered to discontinue nursing temporarily for the one day on which jOPIDINE Ophthaimic 
© Solution is used. 
“Pediatric Use 
Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS 
= he following adverse events were reported in association with the use of IOPIDINE Ophthaimic Solution 
_inlaser surgery: ocular injection (1.8%), upper lid elevation (1.3%) , irregular heart rate (0.7%), ocular 
Sc inflammation (0.45%), nasal decongestion (0.45%), conjunctival blanching (0.4%) and mydriasis (0.4%). 
_ The following adverse events were observed in investigational studies dosing IOPIDINE Ophthalmic 
“Solution once or twice dally for up to 28 days in nontaser studies: 
ni Ocular Conjunctival blanching, upper lid elevation, mydriasis, burning, discomfort. foreign body 
“sensation, dryness, itching, hypotony, blurred or dimmed vision, allergic response, conjunctival 
_-Microhemorrhage 
- Gastrointestinal: Abdominal pain, diarrhea, stomach discomfort, emesis 
Cardiovascular: Bradycardia, vasovagal attack, palpitations, orthostatic episode 
Central Nervous System: insomnia, dream disturbances, irritability, decreased libido 
Qther: Taste abnormalities, dry mouth, nasal burning or dryness, headache, head cold sensation, 
chest heaviness or burning, clammy or sweaty paims, body heat sensation, shortness of breath, 
increased pharyngeal secretion, extremity pain or numbness, fatigue, paresthesia, pruritus net 
associated with rash 


- DOSAGE AND ADMINISTRATION 

_ One drop of IOPIDINE Ophthalmic Solution shouid be instilled in the the scheduled operative eye one 

| -hour before initiating anterior segment laser surgery and a second drop should be instilled to the same 
eye immediately upon completion of the laser surgical procedure. Use a separate container for each sin- 
72: gle-drop dose and discard each container after use. 


—  AOPIDINE [apractonidine hydrochloride} Ophthalmic Solution 1% as base is a sterile, isotonic. aqueous 
= Solution containing apracionidine hydrechioride. Supplied as follows: 0.25 mL in plastic ophthalmic dis- 
pensers, packaged two per pouch. These dispensers are enclosed in a foil cverwrap as an added barri- 
erto evaporation. 0.25 mL: NDC 0065066025 


STORAGE 
= Store-at room temperature. Protect from light. 
U.S. Patent No, 4,517,199 


Jointly Manufactured By: Alcon Laboratories, Inc. KJ 
||Fort Worth, Texas 76134 USA on 










































cand 
Automatic Liquid Packaging Corp. 
Arlington Heights, Wincis 60005 





American Red Cross 


Please give blood. 


Goxi 





Coming soon from STORZ Ophthalmics anagent 
to reverse the effects of phenylephrine and tropicamide. 
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Seanning Electron Micrographs 

Of Human Corneal Epithelial Cells 
Treated With Ocular Lubricants For 
60 Minutes (In Vitro — 1000X Magnification. 
Clinical Significance fs Unknown)! 





Control 
Phosphate-Buffered Saline 
(Preservative-Free) 

* Normal morphology 

» Abundant microvilli 
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Refresh” 

Lubricant Ophthalmic Solution 3 : A 

(Preservative-Free) Preservative-free safety in a dual-polymer 

+ Normal morphology . 3 

«Many microvilli È ; 5 . 

Siitoe teak displayed formulation. Refresh Solution provides safe, 
some cytoplasmic pitting 


comfortable relief for patients with moderate 


dry eve associated with ocular surface 





disease. Without the cytotoxic effects that 









Lubricant Eye Drops 

s Compressed anterior cell surface 
* Sparse microvilli 

* Some cytoplasmic pitting 


preservatives. So for 
your patients who use 
tear supplements 


four times or 





more daily, 


Hypolears” 


Lubricating Eye Drops oe 

* Prominent rounded nuclei recommend Refresh Solution. The comfortable 
+ Pitted cytoplasm i ` 

« Slight cellular retraction F 5 

Reduced number of microvilli formulation. The safe solution. 


Refresh 


@sucncaneuarmaceuncus | LUDricant Ophthalmic Solution 


” Allergan Pharmaceutioals 
A Division of Allergan, inc. 7 . : : 
tring CAG2713 £1991 Allergan, fre. Contains no preservatives or EDTA. 








STAGE 2 
IN THE SYSTEM FOR OCULAR SURFACE DISEASE" 


A Rational Plan To Manage Dry Eye Associated With Ocular Surface Disease 


+. Data on file, Allergan, inc. A collaborative study with M, Trousdale, Ph.D. et al at Estelle Doheny Eye Institute. 
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Editorials 





The Endophthalmitis Vitrectomy Study 


M ost cases of endophthalmitis (70%) occur as a com- 
plication of intraocular surgery.’ The incidence of 
endophthalmitis varies, but it is generally reported to 
-oeeur after 0.1% to 0.4% of cataract operations,” and 
the vast majority of cases (88%) occur within 6 weeks of 
surgery. Despite measures believed to decrease the 
incidence of infection, such as microsurgical wound clo- 
sure, perioperative antibiotic injections, and preserva- 
tion of an intact posterior capsule, postoperative en- 
dophthalmitis continues to occur, and current manage- 
ment still leaves many eyes with only poor vision. 

In the not too distant past, conventional treatment of 
bacterial endophthalmitis consisted of intravenous, 
subconjunctival, and topical antibiotics. Visual results 
with this approach were poor, with visual acuity of only 
hand motions or worse in 67% to 96% of cases.*"* Stud- 
ies showing poor intravitreal antibiotic penetration by 
these routes led to trials using direct injection of antibi- 
otics into the vitreous. It was not until the early 1980s 
that there was broad consensus that direct intravitreal 
injection of antibiotics was important in treating post- 
operative bacterial endophthalmitis.” 


INTRAVENOUS ANTIBIOTICS 


Although systemic antibiotics have been part of the 
standard care of bacterial endophthalmitis, poor ocu- 
lar penetration and limited efficacy have been docu- 
mented.” While other recently introduced drugs have 
been shown to have greater penetration into human 
eyes after intravenous administration, they still do not 
reach high enough levels in the vitreous to be effective 
against some of the common bacteria responsible for 
postoperative endophthalmitis." Well-documented 
side effects of some systemic antibiotics include nephro- 
toxicity, ototoxicity, pseudomembranous colitis, aplas- 
tic anemia, hypersensitivity reactions, diarrhea, super- 
infections, bleeding disorders, and hepatotoxicity.” 
Other concerns about intravenous (as distinct from in- 
travitreal) antibiotics include the cost not only of the 
drugs, but also of the hospitalization required for their 
administration. The role of systemic antibiotics in the 
management of endophthalmitis remains uncertain. 


VITRECTOMY 


Vitrectomy was introduced in the 1970s, and many 
surgeons began to employ it in conjunction with intra- 
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vitreal antibiotics in treating endophthalmitis. Vitree- 
tomy offers several theoretical advantages, including 
removal of the infecting organisms and the toxins they 
produce, better distribution of antibiotics, removal of 
vitreous membranes that could lead to traction detach- 
ment of the retina,” clearing of vitreous opacities,” and- 
provision of adequate material for culture. = 
Vitrectomy followed by intraocular antibiotics has 


been shown in certain animal studies” to offer advan- 


tages over intraocular antibiotics alone. Data from hu-. 
man studies, however, have been less conclusive. In 
four studies in which vitrectomy along with intraocular. 


antibiotic therapy were compared with intraocular. . : 
antibiotic therapy alone, 20/400 visual acuity or better = 


was achieved in 59%, 64%, 26%, and 50% of eyes that 
underwent vitrectomy, compared with 57%, 83%, 80%, 
and 95% of eyes that did not undergo vitrectomy, re- 
spectively. += In these human studies, the eyes se- 
lected for vitrectomy were those with the worst clinical 
presentations. This selection bias makes it. impossible 
to determine whether vitrectomy combined with in- 
traocular antibiotics is better or worse than intraocular 
antibiotics alone. Similarly, while the incidence of po- 
tential side effects such as retinal detachment is re- 
ported to be higher” in infected eyes undergoing vi- 


trectomy, it is possible that these results are due to © 


differences in disease severity between treatment 
groups as opposed to differences in the effect of treat- 
ment. Therefore, the exact role of vitrectomy in the 
initial management of endophthalmitis remains 
controversial. 


ENDOPHTHALMITIS VITRECTOMY 
STUDY CLINICAL TRIAL 


A prospective, randomized, multicenter, clinical trial... 
has been designed to shed further light on the roles of ~ 
pars plana vitrectomy and intravenous antibiotics in 
acute postoperative endophthalmitis. The Endophthal- 


mitis Vitrectomy Study recently began recruiting pa- =. 


tients.” Clinical centers in 25 cities throughout the 
United States will cooperate in enrolling 420 patients 
over a 42-month period. 

Patients are eligible to participate in this trial if they 
have clinical signs and symptoms of bacterial endoph- 
thalmitis within 6 weeks after cataract surgery or sec- 
ondary lens implantation. Visual acuity must be light 
perception or better, and the patient must read fewer 
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than 36 letters on the Endophthalmitis Vitrectomy 
Study visual acuity chart (approximately 20/50 or 
worse). The cornea and anterior chamber of the in- 
volved eye must be clear enough to allow visualization 
of some part of the iris, and the cornea must be clear 
enough to allow the possibility of pars plana vitrec- 
tomy. A hypopyon must be present in the involved eye, 
or clouding of the anterior chamber or vitreous media 
must be severe enough to obscure visualization of sec- 
ond-order retinal arterioles. 

All patients in the Endophthalmitis Vitrectomy 
Study will undergo immediate cultures of the anterior 
chamber and vitreous and will receive intravitreal (ami- 
kacin sulfate [0.4 mg] and vancomycin hydrochloride 
[1.0 mgl) and subconjunctival (vancomycin [25 mg] and 
ceftazidime [100 mg]) antibiotics, topical antibiotics 
(vancomycin and amikacin), and topical cycloplegics. 
Topical, periocular, and systemic corticosteroids will 
also be administered. 

Additional management at presentation will depend 
on the group to which the patient is randomly assigned. 
One group will undergo immediate pars plana vitrec- 
tomy with intravenous antibiotics (ceftazidime and ami- 
kacin), and another will undergo pars plana vitrectomy 
without intravenous antibiotics. A third group will un- 
dergo an initial tap of the vitreous (vitrectomy is de- 
ferred) with intravenous antibiotics, and the fourth will 
undergo an initial tap of the vitreous without intrave- 
nous antibiotics. Taps of the vitreous will involve re- 
moval of no more than 0.2 mL of vitreous fluid for 
culture. Between 36 and 60 hours after the initial proce- 
dure, patients will be assessed to determine if addition- 
al treatment is required based on study-defined crite- 
ria” for eyes responding poorly to treatment. Eyes 
originally randomized to undergo taps will undergo 
vitrectomy and reinjection of intravitreal antibiotics. 
Eyes that initially underwent vitrectomy will have re- 
peat cultures of the vitreous performed, and intra- 
vitreal antibiotics will be reinjected. The treatment 
strategy of the study is summarized in the Figure. 

The primary outcome determinants in this clinical 
trial will be visual acuity and clarity of ocular media. 
The latter will be measured clinically and photographi- 
cally. Initial end points will be assessed at 3 months, 
after which procedures to clear residual opacification of 
the media may be performed if required. Final end 
_ point assessment, representing the results after every- 
thing has been done to maximize visual result, will be 
assessed at 9 months. Secondary end points include the 
need for multiple surgical procedures, the presence of 
systemic complications such as renal disease, and the 
cost of treatment (hospitalization for intravenous 
antibiotics). 


SUMMARY 


Endophthalmitis after cataract surgery can be a di- 
sastrous complication that may result in functional loss 
of an eye. All patients with this problem should receive 
direct injection of intravitreal antibiotics. The roles of 
initial vitrectomy and of intravenous antibiotics in 
treating this condition are controversial. Through a 
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Initial Visit 
Randomization 
| 
intial Pars Plana Vitrectomy initial Vitrectomy Tap/Biopsy 
Anterior: Chamber and Vitreous Culture Anterior Chamber and Vitreous Culture 
intraocular Antibiotics intraocular Antibiotics 
{ L | 
With Without With Without 
intravenous intravenous Intravenous Intravenous 
Antibistics Antibiotics Antibiotics Antibiotics 
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Assessment 36-60 h After Surgery | 
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Assess for Additional Assess for Additional 
Treatment Criteria. Treatment Criteria. 
if Present: if Present: 


Vitreous Tap/Biopsy Pars Plana Vitrectomy 
Feculture of the Vitreous Feculture of the Vitreous 


Reinjection of Antibiotics Reinjection of Antibiotics 
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3-mo (+3 wk) Follow Up 
Measure End Points 
Assess For Remediable Problems 
Proceed With Appropriate Management 
(eg, Late Vitrectomy and Capsulotomy) 
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9-mo (+6 wk) Follow Up 
Measure End Points 


























Treatment strategy for the Endophthalmitis Vitrectomy Study. 


prospective, randomized, clinical trial, these issues can 
be assessed. We encourage ophthalmologists close to 
each clinical center to refer patients with postoperative 
endophthalmitis to these clinics. Questions concerning 
the Endophthalmitis Vitrectomy Study can be ad- 
dressed to the principal investigator at the nearest 
clinical trial center. 


BERNARD H. DOFT, MD 
Pittsburgh, Pa 


The Endophthalmitis Vitrectomy Study trials are supported by 
cooperative agreements EY08150, EY08151, EY08210, EY08587, 
EY08588, EY08589, EY08591, EY08595, EY08596, EY08597, 
EY08599, EY08603, EY08605, and EY08614 from the National Eye 
Institute, Eethesda, Md. 

Reprint requests to 3501 Forbes Ave, Pittsburgh, PA 15213 (Dr 
Doft). 


The Endophthalmitis Vitrectomy Study Group 
Clinical Centers and Principal Investigators 


University of Michigan, Kellogg Eye Center, Ann Arbor.— Andrew K. Vine, 
MD. 

Emory Eye Center, Atlanta, Ga.— Michael Lambert, MD. 

The Johns Hopkins University, The Wilmer Eye institute, Baltimore, Md. — 
Travis Meredith, MD. 

Massachusetts Eye & Ear infirmary, Boston. — Carmen Puliafito, MD. 

Hinois Retina Associates, Chicago.— Kirk Packo, MD. 

Retina Associates of Cleveland (Ohio).—Thomas Rice, MD. 

Ohio State University, Columbus. — Robert Chambers, DO. 

Vitreo Retinal Surgery, Edina, Minn.— Herbert Cantrill, MD. 

University of Southern California, Los Angeles.— Richard Ober, MD. 

Medica! Coliege of Wisconsin Eye Institute, Milwaukee.— Dennis P. Han, 
MD. 

University of Minnesota, Minneapolis.— Edwin H. Ryan, MD. 

Retina-Vitreous Consultants, Pittsburgh, Pa.— Bernard H. Doft, MD. 

Royal Oak, Mich.— Raymond Margherio, MD. 

University o? South Florida, Tampa.—P. Reed Pavan, MD. 

Tampa Bay (Fla) Vitreo-Retinal Associates.—Scott E. Pautler, MD. 
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Family Medical Arts Center, Tampa, Fla.— Mark E. Hammer, MD. 

University of Maryland Eye Associates, Baltimore. — Vinod Lakhanpal, MD. 

The Retina Group of Washington, Chevy Chase, Md. — Richard A. Garfinkel, 
MD. 

Retina-Vitreous Center, Edison, NJ.— David Yarian, MD. 

University of Florida, Gainesville. —Scott Friedman, MD. 

Hershey (Pa) Medical Center.— Thomas Gardner, MD. 

Cullen Eye institute, Houston, Tex.—David W. Parke II, MD. 

Regents Medical Center, La Jolla, Calif.— Lon Poliner, MD. 

Kentucky Lions Eye Research institute, Louisviile.— Charles Barr, MD 

Dean A. McGee Eye Institute, Oklahoma City, Okla.— Charles P. Wilkinson, 
MD 

Wills Eye Hospital, Philadelphia, Pa.—Gary C. Brown, MD. 

St Vincent Medical Center, Toledo, Ohio. — Philip T. Nelsen, MD. 

University of British Columbia, Vancouver, Canada.—Alan L. Maberley, 
MD. 

Georgetown University, Washington, DC.— Leonard Parver, MD. 

Coordinating Center, University of Pittsburgh (Pa). — Principal Investigator: 
Sheryl Kelsey, PhD. 

Fundus Photograph Reading Center, University of Wisconsin, Madison.— 
Principal Investigator: Matthew Davis, MD. 
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The Altar of High Technology 


and the Excimer Laser 


O ur society is often accused of worshipping at the 
altar of high technology. Ophthalmology often 
mirrors this fascination. We all applaud the success of 
scientific advances, but are often careless in determin- 
ing whether new technology is an improvement over 
the status quo or merely adding more excitement (and 
often more expense) to the nature of how something is 
done. 





See also p 491. 





One significant and exciting area in ophthalmology 
revolves around a very expensive piece of high technol- 
ogy. The excimer laser shows tremendous promise in 
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its ability to mold and shape the cornea. In this issue of 
the ARCHIVES, Sher et al’ present clinical results of one 
aspect of how this technology can be used. Before dis- 
cussing their report, however, I would like to lay a few 
ground rules that seem logical in measuring the success 
of new procedures: 

1. High technology simply for the sake of high technol- 
ogy is no improvement, and not a reason to supplant old 
procedures. 

2. New procedures should show clinically significant 
advantages over our present practices before they are 
generally accepted as part of the norm. 

3. Prospectively randomized clinical trials should be 
the standard for verifying results of new technology 
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unless the results (ike early antibiotic use) are so over- 
whelmingly spectacular that even the skeptics are 
swayed. 

4. In determining when new technology is acceptable, 
we must consider the financial cost and the expected 
benefit to society. Is it an equitable tradeoff? 

There are those who will argue about these rules, 
but, by and large, I think most would agree that they 
are needed. The tricky part often arises in reaching 
consensus regarding “clinical significance.” Statistical 
significance is more easily defined than clinical signifi- 
cance. For example, does statistically significant de- 
creased astigmatism on the first day after cataract 
surgery (an effect that is lost at 1 to 4 weeks) equate 
with clinical significance? This is the nature of the pre- 
sent argument over small-incision cataract surgery, 
and consensus is far from having been reached. 

Thus, statistical significance in clinical results may 
not be clinically significant, but I would never consider 
aresult to be clinically significant without a statistically 
significant difference! Clinical significance has a sub- 
jective edge and nebulous tone, but this makes it no less 
important. This is where the cost per case for an im- 
provement needs to be considered. Somewhat im- 
proved uncorrected visual acuity on the first postopera- 
tive day at the price of a few dollars and increased risk 
for the patient is much more acceptable than a similar 
improvement that doubles the risk and cost! Physicians 
and third-party payers must consider these issues, as 
well as the surgical results, and decide how frequently 
new procedures will be used and whether a third party 
will pay. 

Double-masked, prospective, randomized clinical tri- 
als are our gold standard, and can lay controversy to 
rest. Does laser treatment help appropriately selected 
patients with diabetic retinopathy? A National Eye 
Institute study left all doubters convinced. Still, such 
studies are expensive and difficult to conduet properly; 
reaching a conclusion takes time. Exceptions to using 
this standard should be few but readily understood. If 
the excimer laser can manage a condition with clearly 
superior results than other methods, then a randomized 
clinical trial may be unnecessary. For example, if the 
results of treating myopia become overwhelmingly risk 
free and predictable, then a randomized clinical trial 
that evaluates radial keratotomy vs excimer laser pro- 
cedures may not help our decision making. “Accept- 
able” clinical risk and “appropriate” cost to society will 
still be nebulous issues, as complicated to resolve as 
“clinical significance,” but no less important in deciding 
who will pay and whether or not general acceptance will 
occur. 

What is shocking is how infrequently these rules are 
followed in real life. Using high technology or simply 
changing for the sake of change is often marketed in 
ophthalmology before rules 2, 3, and 4 are met, thereby 
forcing a change without definitive evidence of an ad- 
vantage over the status quo. Once new technology 
becomes the accepted practice, the ability to determine 
the precise nature of the purported advantages be- 
comes exceedingly difficult. So-called advances can 
eventually become clinical disasters. I would, for exam- 
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ple, place many cases of closed-loop, anterior chamber 
intraocular lenses in this category. 

The article by Sher et al' is the first major report, to 
my knowledge, of a series of patients in whom the 
excimer laser was used as a very refined means of 
performing a superficial keratectomy. In a mixed group 
of patients with superficial corneal disease, both suc- 
cesses and failures are reported. Some will argue that 
this report is a very positive and exciting harbinger of 
the importance of this new technology; others will ar- 
gue that many of the results are underwhelming. I see 
the key points of this report as follows: 

1. A new, potentially exciting means of dealing with 
superficial corneal disease is presented, and, in many 
cases, appears to result in marked visual improvement 
without the necessity of corneal transplantation. 

2. Major complications, such as endothelial destruc- 
tion or persistent epithelial defects, did not seem to be 
problems. 

3. Not enough patients are included in any one dis- 
ease category to satisfy guidelines 2 and 3, as outlined 
above. 

4, Although 16 of 33 patients were said to be “visual- 
ly improved,” five of them had decreased visual acuity 
after treatment. 

5. Disturbing induced hyperopia was common. I 
sense that predicting a final refractive error was very 
difficult in this group, in spite of the unsupported claims 
of the authors that their results regarding refractive 
error were improving as they gained experience. 

6. The most exciting possible use of this technology, 
smoothing an irregular corneal surface, was 
problematic. 

7. Early postoperative pain was significant, but 
short-lived. 

How do I, a corneal specialist, feel about the excimer 
laser for managing superficial corneal disease? Sher et 
al’ show that we now have a technology that is both 
promising and evolving. It would be unreasonably pes- 
simistic to assume that this technology has already 
peaked, and that many of these areas of concern will not 
either improve or possibly disappear. As a means of 
treating superficial corneal disease, the excimer laser 
will probably find specifie indications and a place in our 
clinical armamentarium. However, proof of suitable 
cost and efficacy has not been met. I hope the marketing 
phase will not again force this technology on our profes- 
sion without clear evidence of its advantages over pre- 
sent therapeutic techniques. For this reason, the Food 
and Drug Administration’s “Go slow policy” is to be 
applauded and supported while we address our ques- 
tions and concerns. 


RANDALLJ. OLSON, MD 
Salt Lake City, Utah 


The author has no proprietary interest in any of the devices men- 
tioned in this article. 
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è Phototherapeutic keratectomy using a 193-nm excimer laser 
was performed at four centers on 33 sighted patients with corneal 
opacity and/or irregular astigmatism. Pathologic conditions in- 
cluded anterior stromal and superficial scarring from postinfec- 
tious and posttraumatic causes, including inactive herpes sim- 
plex virus, anterior corneal dystrophies, recurrent erosions, 
granular dystrophy, and band keratopathy. Most patients re- 
ceived peribulbar anesthesia and underwent removal of the epi- 
thelium prior to laser ablation. A majority of patients had a reduc- 
tion in the amount of corneal scarring and approximately half had 
improved visual acuity. No intraocular reaction or changes in 
endothelial counts were seen, and some patients avoided the 
need for penetrating keratoplasty. Reepithelialization usually oc- 
curred within 4 or 5 days and we noted no significant scarring 
secondary to use of the laser. It was difficult to eliminate preexist- 
ing irregular astigmatism despite the use of surface modulators, 
such as methylcellulose. A hyperopic shift secondary to corneal 
flattening was encountered in approximately 50% of the patients. 
A combination of myopic ablation, followed immediately by a 
secondary hyperopic steepening, may minimize this refractive 
change. The 193-nm excimer laser is an effective new tool in the 
treatment of selected patients with superficial corneal opacity 
from a variety of conditions. 

(Arch Ophthalmol. 1991;109:491-498) 


he use of UV radiation at 193-nm wavelength to 
remove a precise amount of tissue from the anterior 
cornea was first suggested by Trokel et al' and Taylor et 
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al’ and confirmed by others.” A series of animal stud- 
ies“ and preliminary reports on humans” have demon- 
strated the capability of the 193-nm excimer laser to 
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ablate the cornea and to remove opacities and other 
corneal disease in a procedure called phototherapeutic 
keratectomy (PTK). The same excimer laser can also be 
used to remove small amounts of corneal tissue in a 
preprogrammed manner to alter the curvature of the 
cornea and reduce or eliminate myopia, hyperopia, 
and/or astigmatism. This procedure has been named 
photorefractive keratectomy. We present the results of 
phase II trials of excimer laser use in a multicenter 
study (Taunton Technologies Co, Monroe, Conn [now 
VISX)) of 33 patients with corneal opacities from a 
variety of pathologic conditions. 


PATIENTS AND METHODS 
Instrumentation 


The laser used at all four sites was the Taunton Technol- 
ogies Model LV 2000. This laser has been described by 
L'Esperance et al”; it uses a mixture of argon-flouride gas 
to produce a 193-nm wavelength output at 10 Hz and was 
adjusted to deliver a fluence at the eye of 100 to 120 mJ/em’. 
The entire laser system has a computer control module with 
an interactive menu, real-time monitoring of procedure 
parameters, and an integrated digital keratoscope. During 
surgery, the patient is supine, and with a head restraint 
system and three-axis alignment, the eye is positioned by 
viewing it through an integrated binocular surgical micro- 
scope as well as with video images. 

Patients were selected under guidelines from the Food and 
Drug Administration and under an Investigational Device 
Exemption for this phase IT study. Informed consent was 
obtained from each patient after extensive discussion. Inclu- 
sion criteria mandated that patients be at least age 18 years 
and need treatment in only one eye. Patients with systemic 
diseases that influenced corneal healing or follow-up were 
excluded. Other conditions that were cause for exclusion 
included endothelial dystrophies, keratoconus with corneal 
thickness less than 250 um, significant corneal neovasculari- 
zation in the ablation zone, scars deeper than 250 um, uncon- 
trolled iritis, glaucoma, or keratitis sicca. Patients planning 
to undergo eye surgery within 1 year were also excluded. 

Conditions to be treated included corneal opacification and 
surface irregularities resulting from anterior corneal dystro- 
phies, Salamann’s degeneration, band keratopathy, and post- 
traumatic and postinfectious leukomas. 
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Patient Age, Preoperative 
Site No. y of Scar Refraction, diopters * Acultyt Depth, um} : Characteristic Removed? 

1 1 61 Band keratopathy, + 14.00 sphere HM Smoothing Variable aperture No 
failed graft 

1 2 52 Postinfectious scar NA 20/200 60 Myopic No 

1 3 63 Saizmann’s +0.50 + 1.00 X 13 20/30 Smoothing 2-mm aperture No 
degeneration 

1 4 68 Pterygium / corneal +1.00 + 7.00 X 50 20/40 Smoothing Myopic, variable No 
scarring aperture 

1 5 80 Pterygium +3.00 + 6.00 X 65 CF 4 Smoothing Myopic, variable No 

aperture 

2 6 85 Postinfectious — 1.25 sphere 20/400 80 Combined Yes 

2 7 40 Herpes simplex +0.75 sphere 20/50-? 150 Combined Yes 

2 8 49 Traumatic chemical —1.75 + 1.25 X 89 20/50 100 Combined Yes 
burn 

2 9 68 Traumatic —2.50 + 1.00 X 177 20/300 220 Combined Yes 

2 10 60 Granular dystrophy —2.50 + 0.50 X 175 20/3077 50 Combined Yes 

2 1 64 Traumatic +0.50 sphere 20/200 100 Combined Yes 

2 12 69 Herpes simplex —7.50 + 5.00 X 135 20/100 50 Myopic Yes 

2 13 85 Traumatic plano + 1.75 X 90 20/60 50 Combined Yes 

2 14 53 Postinfectious +0.50 + 1.50 X 180 20/200 50 Combined Yes 

2 15 43 Traumatic recurrent —3.25 + 4.50 X 82 20/30 30 Combined Yes 
erosion 

2 16 61 Saizmann’s —4.25 sphere 20/46 50 Combined Yes 
degeneration 

2 17 34 Apical scar —7.00 + 2.50 X 100 20/ 106 40 Myopic Yes 
keratoconus 

2 18 33 Herpes simplex —4.75 + 0.50 X 142 20/30 50 Combined Yes 

2 19 62 Granular —0.25 + 4.25 X 05 20/40 50 Combined Yes 

2 20 74 Traumatic — 10.00 + 1.75 X 180 20/56 50 Myopic Yes 

3 21 68 Saizmann’s —0.75 + 0.25 X 30 20/206 40 Myopic No 
degeneration 

3 22 50 Reis Buckier’s corneal +0.50 + 1.75 X 155 20/50 50 Combined Yes 
dystrophy 

3 23 24 Anterior corneal +3.50 + 0.50 X 145 20/400 125 Combined Yes 
dystrophy 

3 24 75 Postinfectious +10.50 + 0.75 X 180 20/200 150 Combined No 
crystalline 
keratopathy 

3 25 90 Saizmann’s +9.50 + 2.75 X 08 20/400 50 Combined No 
degeneration 

3 26 74 Salzmann’s +2.75 + 0.25 X 180 20/ 100 80 Combined No 
degeneration 

3 27 38 Herpes simplex —1.75 + 0.50 X 20 20/70 140 Combined Yes 

3 28 88 Postinfectious —3.50 + 1,50 X 180 20/200 100 Combined Yes 

4 29 72 Traumatic +2.50 + 2.00 X 145 20/56 75 Combined Yes 

4 30 T3 Traumatic +1.00 + 2.00 X 120 20/ 100 50 Combined Yes 

4 31 63 Traumatic —1.50 + 2.00 X 105 20/80 125 Combined Yes 

4 32 89 Band +10.00 + 2.00 X 05 20/80 125 Combined Yes 

4 33 83 Band —2.25 + 2.00 X 20 20/70 105 Combined Yes 


*NA indicates not available. 


tHM indicates hand motions; and CF, counting fingers. 
Smoothing indicates that the eye was moved in a circular motion under the excimer beam: 
§Combined indicates myopia followed by hyperopic ablation. 


||Methyiceliulose was used as a modulator to smooth the surface. 
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12-wk Visual 6-mo Visual 12-mo Visual ; ee 
Refraction, diopters Acuity Refraction, diopters Acuity Refraction, diopters Acuity Comments 
NA HM +9.25 + 4.50 X 126 HM +9.50 + 4.00 X 90 6/200 
+3.50 + 1.50 X 105 20/30 +2.00 + 2.75 X 18 20/20 +1.75 + 0.75 X 02 20/207 Corneal transplant 
avoided 
+0.75 + 1.75 X 175 20/25 + 3 +0.50 sphere 20/25 +0.50 + 1.00 X 05 20/20 Methyicellulosel! 
+1.50 + 1.25 X75 20/40 NA NA +1.50 + 1.75 X 60 20/307? TE 
—1.50 + 2.75 X 80 20/100 +.50 + 1.00 X 165 20/307 +.50 + 1.00 X 165 20/50*° Pterygium removed - 
surgically followed up 
by scar removal and 
smoothing 
+1.50 sphere 20/400 +3.00 sphere 20/400 +2.00 sphere 20/400 Preexisting optic 
atrophy and cataract 
+8.50 + 1.25 X 05 20/50 +7.00 sphere 20/60 +5.50 sphere 20/50 Methylcellulose | 
—1.75 + 4.25 XxX 50 20/207? +0.25 + 1.75 X 82 20/25 +0.50 + 1.75 X 10 20/25 
+9.50 + 3.25 X 105 20/100 +6.25 + 1.25 X 150 20/200 ta 
NA NA —2.25 + 0.75 X 80 20/40 Considerable 
improvement in glare 
symptoms 
+4.75 + 1.25 X 165 20/80 +3.75 + 2.00 X 160 20/80 
+1.75 sphere 20/30 +1.50 + 2.50 X 160 20/307? 
+2.50 + 2.50 X 180 20/80 +2.50 + 1.00 X 85 20/60 
+1.25 + 2.50 X 180 20/200 +1.50 + 2.50 X 05 20/40 Wag 
0.50 + 2.00 X 90 20/25 —1.25 + 4.50 X 85 20/25 No further erosions, 
symptoms improved 
~1.25 + 2.50 X 115 20/60 ~2.75 + 2.25 X 115 20/100 Í 
—12.00 + 3.00 X 105 20/60 —12.00 + 6.00 X 150 20/30 
—4.75 + 0.75 X 175 20/25 —4.50 + 0.50 X 15 20/30 bay 
+2.75 + 5.50 X 175 20/80? +1.00 + 4.00 X 160 20/60 Less glare 
~6,75 + 0.75 X 180 20/30 8.50 + 3.00 X 10 20/30 TE 
—2.25 + 2.00 X 141 20/80 —3.75 + 1.00 X 45 20/100 Able to fit with contact 
lens 
+7.25 + 2.00 X 141 20/25 +7.75 + 1.75 X 145 20/25 No further corneal 
erosions 
Unable to perform 20/200 Underwent penetrating Aniridia 
keratoplasty 
+9.00 + 1.75 X 55 20/80 +9.25 + 1.00 X 55 20/80 
+10.0 + 2.00 X 55 20/30 +1.00 + 2.00 X 55 20/30 Able to wear contact 
lens 
—1.75 + 1.75 X 70 20/30 plano + 2.00 X 65 20/30 Corneoscopy showed 
marked improvement. 
+0.25 + 0.25 X 180 20/200 Unable to perform eis 
Unable to perform HM Unable to perform Poor healing from ` 
preoperative surface. 
disease; required 
tarsorrhaphy to heal 
+4.00 + 1.25 X 162 20/40 +4.00 + 1.25 X 162 20/40 ee 
0.75 + 2.25 X 176 20/40 +0.75 + 2.50 X 163 20/30 Corneal transplant 
avoided 
+3.50 + 1.00 X 90 20/40 +3.50 + 2.50 X 90 20/50 cae 
+9.50 + 1.00 X 80 20/200 Died before 6-mo visit Band keratoplasty 
completely removed; 
residual irregular 
astigmatism 
+4.00 + 1.50 X 61 20/30 +5.00 + 0.75 X 55 20/30 
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Preoperative Examination 


All patients underwent complete ophthalmologic examina- 
tions, including slit-lamp photography. Topographic photo- 
graphs were taken (Corneascope, Kera Corp, Santa Clara, 
Calif) and ultrasonic pachometry was performed (Pachette 
Ultrasonic Pachymeter, DGH Inc, Frazer, Pa). Optical pa- 
chometry was performed with the Haag-Streit instrument 
(Haag-Streit, Bern, Switzerland). Digital keratoscopie mea- 
surements were made using the machine built into the LV 
2000 excimer laser. Endothelial cell counts were obtained 
(Konan Clinical Specular Microscope, Keeler, Japan) and 
were statistically analyzed with Student's ¢ test. 


Surgical Procedure 


The procedure has been fully described previously.” Brief- 
ly, the visual axis was marked with the patient fixating on the 
filament of a Zeiss operating microscope. Peribulbar or retro- 
bulbar anesthesia was then administered and a 6-mm dispos- 
able trephine centered on the previous mark. In some eases, 
the epithelium was removed with a Tooke knife (Storz, St 
Louis, Mo). Visualizing the patients eye through the micro- 
scope and video monitors, the surgeon aligned the corneal 
apex to the laser plane by adjusting table travel in the x, y, 
and z directions. The eye was fixated with a forceps or Thor- 
ton ring (Storz). The maximum beam diameter was 5.2 mm. 

The laser has a series of wheels for myopia, hyperopia, and 
astigmatism, each with 15 apertures of different diameters or 
shapes. The laser delivers a series of pulses at each setting, 
according to the preoperative specifications entered into the 
computer; this has been called the “recipe.” In most cases, the 
eye was held steady under the laser beam. At the beginning of 
the trials, a modified technique at site 1 was used. The eye 
was moved in a circular manner under the beam, which was of 
varying aperture size. This technique is known as “smooth- 
ing.” It is impossible to accurately predict depth measure- 
ments with this technique. All subsequent procedures at sites 
2, 3, and 4 were performed with eye movements minimized 
and the eye held with the visual axis fixated under the center 
of the laser beam. These ablations are defined in Table 1 as 
myopic or “combined” myopic and hyperopic corrections, as 
further described below. 

In some cases, an attempt was made to compensate for the 
corneal flattening and resulting hyperopic shift that was seen 
in some patients. After the initial corneal scar was removed, 
usually through a wide aperture or myopic series of aper- 
tures, a secondary set of pulses was delivered to steepen the 
peripheral portion of the central cornea. This has been re- 
ferred to as secondary hyperopic correction. Most patients 
received a combination of myopic and hyperopic ablations, 
referred to in Table 1 as a “combined” cut. 

Ifthe patient’s corneal scar had a rough epithelial surface, a 
smoothing agent or modulator fluid was used. In these cases, 
2.5% methylcellulose (Goniosol, Johnson and Johnson, Clare- 


a ‘mont, Calif) was used. The surgeon placed a small amount of 


this viscous fluid on the ablation site after the epithelium was 
removed. The ablation was carried out and the process re- 
peated until a smoother corneal ablative bed was achieved. 


Postoperative Regimen 


Following the ablation, tobramycin dexamethasone sus- 
pension drops (Tobradex, Alcon, Ft Worth, Tex) and 5% 
homatropine hydrobromide (Isopto Homatropine, Alcon) 
were instilled and the eye was patched overnight. In some 
eases, a disposable soft contact lens (Vistakon Acuvue, John- 


son and Johnson) was placed in addition to the patch. The! 


patients received 0.1% fluorometholone (FML, Allergan Co, 
Irvine, Calif) every 2 hours for the first week, four times per 
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day for the first month, three times per day for the second 
month, and a tapered dosage during the next 4 to 5 months. 
Tobramycin (0.3%; Tobrex, Alcon) was administered four 
times per day until the epithelium healed. Postoperative 
evaluations were performed at regular intervals, with a com- 
plete battery of tests performed 3 months and 1 year after the 
procedure. All measurements were performed by an indepen- 
dent clinical coordinator at each site. 


RESULTS 


Between May 31, 1989, and April 23, 1990, 35 pa- 
tients were enrolled in phase IT and IIA of the study. 
We report the results of 33 of these cases from the four 
centers. Two patients from site 1 were excluded: one 
died shortly after entry and the other had an eye with 
minimal visual potential. Data from the 33 patients are 
incladec in Table 1, which includes follow-up data from 
3 menths to 1 year. 

The goal of treatment for most patients was to im- 
prove visual acuity. In other patients (patients 21 and 
25), the goal was to smooth the cornea to allow easier 
fitting of a contact lens. In some patients (patients 15 
and 22) the goal of treatment was to prevent recurring 
erosions. Preoperative and postoperative visual acu- 
ities are summarized in Fig 1. Improvement or worsen- 
ing of visual acuity was defined as a change of two or 
more Snellen lines. The results are outlined in Table 2 
and are broken down by cause. 

After observing considerable hyperopie shifts in the 
initial procedures performed at sites 1 and 2, we modi- 
fied the recipe, and subsequent procedures performed 
at sites and 4 used the new recipe, which had more of a 
hyperopic bias. The results are summarized in Fig 2. 
The ameunt of hyperopic shift was not related to the 
cause of the scarring. One patient (patient 17) with 
keratocenus and an apical scar had an unexpected myo- 
pie shift. 

Establishing the safety of excimer laser ablation is 
impertant. Preoperative and postoperative endothelial 
cell counts were obtained at 3 months in 11 cases and 
showed no significant difference (P<.229). There was 
no evidence of intraocular inflammation, change in in- 
traocular pressure, infections, or corneal perforations. 
One patient (patient 28), an 88-year-old woman with 
scarring from an infectious ulcer, had delayed reepithe- 
lializaticn thought to be from ocular surface disease and 
keratitis sicca. She required a lateral tarsorrhaphy 
to heal and eventually underwent penetrating 
keratoplasty. 

To illustrate some uses of excimer PTK, some case 
repcrts are detailed below: 


REPORT OF CASES 


Patient 6.— An 85-year-old man had a central corneal 
opacity (Fig 3, left) from an infectious ulcer. He was the 
first patient treated with the laser at site 2. The opacity 
was approximately 40 um in depth. Phototherapeutic 
keratectomy, using a 50-um combined ablation, was 
carried eut with the epithelium removed. Although the 
scar was almost totally removed (Fig 3, right) and the 
cornea remained clear 18 months after surgery, visual 
acuity did not improve because of the preexisting opic 
nerve disease, which was now more easily visualized. 
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Fig 1.—Visual acuity before surgery and 6 months after ex- 
cimer laser phototherapeutic keratectomy (PTK). HM indi- 
cates hand motions; CF, counting fingers; and LP, light 
perception. 


Fig 2.—Postoperative refractive changes after excimer laser phototherapeutic keratectomy at each site. 
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Fig 3.—Patient 6. Left, Preoperative appearance of the eye cf an 85-year-old man with a central corneal scar 
from infectious keratitis. Right, Same patient 6 weeks after surgery. Visual acuity did not improve due to 
preexisting optic atrophy. 





Fig 4.—Patient 2. Left, Preoperative appearance of the eye of a 52-year-old woman with diffuse corneal 
scarring from healed bacterial keratitis. Preoperative visual acuity was 20/200. Right, Same patient 6 months 
after surgery. Visual acuity was 20/20 * and keratoplasty was avoided. 





Fig 5.—Patient 10. Left, Preoperative appearance of the eve of a 60-year-old man with anterior stromal 
opacities of granular dystrophy and severe photophobia and glare. Visual acuity was 20/30. Right, Same 
patient 6 months after surgery shows removal of most of the hyaline deposits, with marked improvement of 
glare symptoms. Visual acuity was unchanged. 
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Patient 2.—A 52-year-old woman had diffuse corneal 
scarring from bacterial keratitis; 60-~m ablation was 
performed. Visual acuity improved from 20/200 to 
20/20~* and penetrating keratoplasty was avoided (Fig 
4). 

Patient 10.— A 60-year-old man had granular dystro- 
phy, severe photophobia, and glare symptoms. Figure 
5, left, reveals the typical anterior stromal opacities 
found in granular dystrophy. A 50-~m combined abla- 
tion was performed. After surgery, almost complete 
removal of the hyaline deposits was achieved (Fig 5, 
right), with considerable improvement in symptoms. 
However, visual acuity did not significantly change. 
The 6-month follow-up examination revealed no recur- 
rence of the granular deposits. 

Partent 15.— A 43-year-old man had a 35-year histo- 
ry of recurrent corneal erosions and corneal scarring 
resulting from a wood splinter striking his cornea. He 
had multiple treatments for the erosions, including 
stromal micropuncture, but suffered from incapacitat- 
ing recurrent erosions several times a year. A 30-u~m 
combined ablation was performed after the epithelium 
was removed. Although his visual acuity remained at 
20/25, no erosions had recurred 10 months after 
surgery. 

Patient 22.—A 50-year-old man had Reis Buckler’s 
corneal dystrophy with recurrent erosions. A 50-um 
combined ablation was performed; visual acuity had 
improved from 20/50 to 20/25 6 months later. No fur- 
ther corneal erosions developed, but the patient had a 
significant hyperopic shift and required the use of a 
contact lens. 

Partent 30.—A 71-year-old woman had a traumatic 
corneal scar approximately 50 um deep. Preoperative 
visual acuity was 20/100 with a potential visual acuity 
meter testing of 20/30. Phototherapeutie keratectomy, 
using a 50-um combined ablation, was performed. Visu- 
al acuity had improved to 20/30 6 months later, eliminat- 
ing the need for corneal transplantation. 


COMMENT 


The results of this study demonstrate the efficacy 
and safety of the excimer laser in removing scars from 
the anterior cornea in a variety of pathologic conditions. 
This procedure has eliminated the need for penetrating 
keratoplasty in some of our patients, and improved the 
visual acuity and/or comfort of others. Ultraviolet ener- 
gy, at 193 nm, is capable of ablating pathologic corneal 
tissue in a controlled, precise manner. 

Surgical technique and judgment are more critical in 
these cases than in purely refractive cases. The assess- 
ment of sear depth can be difficult but can be assisted by 
optical pachometry.” During the actual ablation, the 
cornea is kept dry and becomes transiently opaque 
after receiving the initial laser pulses. The intraopera- 
tive evaluation of the amount of residual scar is impor- 
tant and requires temporary cessation of the laser abla- 
tion and slit-lamp examination after a preprogrammed 
number of pulses can be delivered. Patients should be 
examined under the operating microscope or, more 
optimally, under a slit beam so that the amount of 
residual scar can be determined. If necessary, the pa- 
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tient should be repositioned under the laser and addi- 
tional laser pulses administered until a satisfactory 
result is achieved. 

In these initial cases, a significant number of patients 
were considered for penetrating keratoplasty and of- 
fered excimer PTK as an alternative. The patient selec- 
tion at each site, especially the initial cases, included 
more patients with severe disease and scars not neces- 
sarily limited to the anterior stroma. The cases of band 
keratopathy managed here tended to be more severe 
and had associated corneal scarring. In general, the 
calcium deposits of band keratopathy can be treated 
with topical ethylenediaminetetraacetic acid (EDTA): 
drops and mechanical débridement. Excimer PTK 
should be reserved for recurrent band keratopathy or 
cases associated with deeper subepithelial scarring that 
sometimes occurs after mechanical scraping. 

Corneal haze, once thought to be a risk of excimer 
laser photoablation,*“ has not proved to be a significant 
problem. It is much more difficult to assess corneal 
scarring and haze in patients with the pathologic condi- 
tions treated in this study. A number of investiga- 
tors" have demonstrated a transient period of faint 
reticulated haze that may correspond to the presence of 
fibroblastic keratocytes beneath the epithelium. 

Experimental studies in rabbit and monkey eyes af- 
ter excimer ablation or conventional surgical lamellar 
keratectomy have confirmed the presence of types III 
and VI collagen.”’* This activity may peak at 4 
to 6 weeks and diminish by 12 weeks after treatment. 
Tuft et al’ demonstrated in rabbits that this new 
collagen formation may diminish after topical cortico- 
steroid treatment. Based on these observations, our 
protocol called for intensive topical corticosteroid use 
for 4 to 6 months after surgery. Fluorometholone was 
chosen for its potency as a surface active agent and 
diminished ability to raise intraocular pressure.” Using 
the same excimer laser system and a similar heavy 
regimen of postoperative steroids, we have performed 
18 myopic central photorefractive keratectomies in oth- 
erwise normal sighted eyes. Our preliminary results in 
six patients 1 year after treatment showed no visually 
significant corneal haze other than the fine, reticulated 
haze seen at the level of the subepithelium.” 

After surgery, the majority of patients had eye pain, 
sometimes severe. This was in contrast to the experi- 
ence of Taylor et al,” who reported only minor pain in 
10 patients with blind eyes. It may be that the severe, 
preexisting disease of those eyes had diminished the 
ocular response to pain. In general, the procedure is 
more painful than radial keratotomy. Some patients in 
this study required narcotic analgesia during the first 
24 to 48 hours after surgery. The pain was significantly 
diminished after 36 hours and was usually relieved by 
the time the epithelium was healed. The use of cyclople- 
gics, ice packs, peribulbar or retrobulbar anesthesia, 
narcotics, and disposable soft contact lenses may be 
required in addition to patient counseling. Currently, 
we are performing excimer PTK and PRK using topical 
anesthesia only. The postoperative pain may be less 
severe with this technique. : 

As pointed out by Zabel et al,” the bandage-style = 
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contact lens, worn for up to 3 or 4 weeks, provided 
important mechanical support for the corneal epitheli- 
um during wound healing. It is especially important to 
restore an intact epithelial surface in these pathologic 
corneas, to avoid the initiation of cell-mediated mecha- 
nisms that lead to stremal ulceration and recurrent 
scarring.” This should be accomplished with adequate 
lubrication, occlusion with soft contact lenses, patch- 
ing, or, if necessary, tarsorrhaphy. 

Therapeutic excimer ablations of corneal scars 
should be considered a refractive procedure. Any re- 
moval of anterior corneal tissue will change the refract- 
ing surface of the cornea and flatten it. If flattened, the 
result will be a hyperopic shift. For this reason, the 
majority of cases were managed identically to our re- 
fractive myopic cases.” It also may be preferable to the 
technique of moving the eye under the laser beam in an 
effort to smooth out an irregular scar or use a small 
beam diameter to produce localized flattened areas. 
That method makes an accurate estimate of ablation 
depth impossible and may induce astigmatic errors. 

The widespread use of excimer corneal ablation for 
the treatment of corneal scars at varying depths re- 
quires a predictable refractive end point. Attempts at 
secondary hyperopic steepening, especially with a new 
recipe used at sites 3 and 4, are encouraging. We now 
believe that removal of the epithelium in most cases of 
PTK, unlike in refractive cases, is not advisable. In one 
case (patient 7), although the epithelium was relatively 
smooth, its removal revealed an irregular depressed 
sear in Bowman’s membrane. Despite the use of modu- 
lator fluids, this could not be completely smoothed. The 
intact epithelium acts as a modulator, and our prelimi- 
nary experience in ablating through the epithelium in 





additional PTK cases confirms this observation 
(N.A.S., R.L., unpublished data, 1990). 

Our attempts at using modulators, 2.5% methyleellu- 
lose in this case, were unsatisfactory. Modulators are 
diffieult to apply smoothly on the corneal surgical bed 
and are susceptible to drying and rippling from the air 
flow from the effluent remover. If applied too thickly, 
the laser energy is dissipated, ablating the methyleellu- 
lose rather than the cornea. An ideal modulator fluid 
should include substances that fill in small irregularities 
in the epithelial or subepithelial surface. 

The results of this preliminary work have shown that 
excimer laser PTK is a useful and safe technique in the 
treatment of corneal scarring from a variety of causes. 
This technology is still in its infancy and offers great 
promise. As with any surgical technique, it has the 
potentia! to cause serious complications when used in- 
appropriately or by untrained individuals. 

This research was supported in part by a grant from Taunton 
Technologies Co, Monroe, Conn, and The Friends of the Phillips 
Founcation, Minneapolis, Minn. 

All four sites received support for this study from Taunton Tech- 
nologies Co. 

Dr Rowsey was a paid consultant to Taunton Technologies Co from 
1988 to 1989. Dr Sher has received remuneration for travel expenses 
from Taunton Technologies Co and owns stock in VISX, now merged 
with Taunton. This stock was purchased since submission of the 
manuscript. The remaining authors have no proprietary interest in 
Taunton Technologies Co. 

We would like to thank these individuals for their contributions to 
this study: John Warner, PhD, William Telfair IH, PhD, Angela 
Tucci. Meredith Stokes, and S. Michael Sharp of Taunton Technol- 
ogies Co; Emmett Carpel, MD, Steve Lane, MD, Charles Ostrov, 
MD, Donaid Doughman, MD, Trish Johnson, COT, and Susan Sutton 
of Phillips Eye Institute; Yvonne Cook, COT, Kelly D. O'Neill, MD, 
and Dean R. Forgers, MD, of the University of Louisville (Ky); and 
Robyn Meyers, COA, of the Eye Center of Florida, Fort Myers. 


References 


1. Trokel SL, Srinivasan R, Braren BA. Excimer laser surgery of 
the cornea. Am J Ophthalmol. 1983;96:710-715. 

2. Taylor DM, L’Esperance FA Jr, Del Pero RA, et al. Human 
excimer laser lamellar keratectomy: a clinical study. Ophthalmology. 
1989;96:654-664. 

3. McDonald MB, Beuerman R, Falzoni W, Rivera L, Kaufman 
HE. Refractive surgery with the excimer laser. Am J Ophthalmol. 
1987;103:469. 

4. Puliafito CA, Steinert RF, Deutsch TF, Hillenkamp F, Dehm 
EJ, Adler CM. Excimer laser ablation of the cornea and lens: experi- 
mental studies. Ophthalmology. 1985;92:741-7T48. 

5. Marshall J, Trokel S, Rothery S, Krueger RR. Photoablative 
reprofiling of the cornea using the excimer laser: photorefractive 
keratectomy. Lasers Ophthalmol. 1986;1:21-48. 

6. Sedarevic O, Darrell RW, Krieger RR, Trokel SL. Excimer 
laser therapy for experimental candida keratitis. Am J Ophthalmol. 
1985;99:534-538. 

7. McDonald MB, Beuerman R, Fantes FE. Preliminary experi- 
ence with the excimer laser for area ablation of rabbit corneas. Invest 
Ophthalmol Vis Sei. 1987;28:275. 

8. Gaster RN, Binder PS, Coalwell K, Berns M, McCord R, Bur- 
stein N. Corneal surface ablation by 193 nm excimer laser and wound 
healing in rabbits. Invest Ophthalmol Vis Sci. 1989;30:90-98. 

9, Stark WJ, Gilbert ML, Goodman GL, Gottsch JD, Trokel 5, 
Munnerlyn C. Phototherapeutic keratectomy preliminary report. 
Invest Ophthalmol Vis Sci. 1990;31(suppl):245. 

10, Steinert RF, Puliafito CA. Excimer laser phototherapeutic 
keratectomy for a corneal nodule. Refract Corneal Surg. 1990;6:352. 

11. L'Esperance FA, Warner JW, Telfair WB, Yoder PR, Martin 
CA, Excimer laser instrumentation and technique for human corneal 
surgery. Arch Ophthalmol. 1989;107:131-139. 


498 = Arch Ophthalmo!—Vol 109, April 1991 


12. Zabel RW, Sher NA, Ostrov CS, Parker P, Lindstrom RL. 
Myopic excimer laser keratectomy: a preliminary report. Refract 
Corneal Sarg. 1990;6:329-334. 

13. Stark WJ, Gilbert ML, Gottsch JD, Munneriyn C. Optical 
pachometry in the measurement of anterior corneal disease: an evalu- 
ative tool for phototherapeutic keratectomy. Arch Ophthalmol. 
1990;308:12-13. 

14. Hamna KD, Pouliquen Y, Waring Go, Savoldelli M. Corneal 
wound healing after excimer laser ablation in rabbits. Invest Ophthal- 
mol Vis Sei. 1988;29(supp]):390. 

15. Fantes FE, Hanna KD, Waring GO III, Pouliquen Y, Thomp- 
son KP, Savoldelli M. Wound healing after excimer laser keratomi- 
leusis (photorefractive keratectomy) in monkeys. Arch Ophthalmol. 
1990;108:655-675. 

16. McDonald MB, Frantz JM, Klyce SD, Beuerman RW, et al. 
Central refractive keratectomy for myopia. Arch Ophthalmol. 
1990;108:799-808. 

17. Tuft S, Zabel R, Marshall J. Corneal repair following kerato- 
tomy. Invest Ophthalmol Vis Sci. 1989;30:1769-1777. 

18. Malley DS, Steinert RF, Puliafito CA, Dobi ET. Immunofluo- 
rescence study of corneal wound healing after excimer laser anterior 
keratectomy in the monkey eye. Arch Ophthalmol. 1990;108:1316- 
1322. 

19. Tuft S, Marshall J, Rothery S. Stromal remodeling following 
photorefractive keratectomy. Lasers Ophthalmol. 1987;1:177-183. 

20, Stewart R, Kimbrough R. Intraocular pressure response to 
topical flucromethalone. Arch Ophthalmol. 1979;97:2139-2140. 

21. Berman M, Kenyon K, Hayashi K, L’Hernault N. The patho- 
genesis of epithelial defects and stromal ulceration. In: Cavanagh H, 
ed. The Cornea: Transactions of the World Congress on the Cornea 
IHI. New York, NY: Raven Press; 1988:35-43. 


Corneal Scars — Sher et al 








~ Clinical Sciences 








Visual Losses After Myopic Epikeratoplasty 


Leo G. Carney, PhD, Curtin G. Kelley, MD 


® The vision of seven patients who 
had undergone epikeratoplasty for myo- 
pia was evaluated by measuring their 
contrast sensitivity functions without 
and with the presence of a glare source. 
Compared with findings for a normal 
control population, these epikeratoplasty 
patients were found to have statistically 
significant contrast sensitivity losses. To 
evaluate the clinical relevance of these 
losses, the results were also compared 
with those for two other patient groups 
with abnormal corneal optics, seven radi- 
al keratotomy patients and seven kerato- 
conus patients wearing rigid contact 
lenses. Contrast thresholds for the epi- 
_ keratoplasty and keratoconus patients 
were similar and usually statistically in- 
distinguishable, and their losses were far 
more profound than those of the radial 
keratotomy patients. The addition of 
glare did not alter this pattern of losses. 
The results document the extent of vi- 
sion losses in these patients and sug- 
gest that increased intraocular light scat- 
tering is not a major contributor to the 
observed contrast sensitivity decre- 
ments. 

(Arch Ophthalmol. 1991;109:499-502) 


fy pikeratoplasty was introduced for 

the correction of aphakia in 1980.' 
It has been successfully applied to the 
correction of adult aphakia,*” pediatric 
aphakia,** and keratoconus®’ in pa- 
tients who cannot tolerate spectacles 
and contact lenses. It has also been 
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applied to the correction of myopic 
patients, but with less acceptable 
results. 

Complications of the epikeratoplasty 
procedure for myopia have included 
persistent epithelial defects, lenticule 
haze, and vascularization.** Rao et al” 
described morphological changes with- 
in the epithelium 3, 6, and 16 months 
after surgery. On the other hand, Bu- 
sin et al” found that both the functional 
and morphological characteristics of 
the cornea were within normal limits 
even 6 weeks after an epikeratoplasty 
procedure. 

Optical and refractive difficulties are 
also common and have not been ade- 
quately addressed despite advances in 
lenticule preparation and surgical pro- 
cedures. Among the optical and refrac- 
tive complications are overcorrections 
and undercorrections,***” loss of best 
corrected visual acuity from preoper- 
ative values,*” and instability of the 
refractive correction over time. ™™ 
Corneal topography analysis of pa- 
tients undergoing myopic epikerato- 
plasty has shown that the actual optic 
zone diameter is considerally smaller 
than had been predicted,” and this 
contributes to the refractive difficul- 
ties. 

Using both refractive (visual acuity 
and refractive error stability) and ana- 
tomical criteria, Wagoner and Stein- 
ert” reported a success rate of 43% for 
myopic epikeratoplasty, a rate far low- 
er than that found for other forms of 
epikeratoplasty. 

In all of these studies, the visual 
assessments were based only on visual 
acuity measurements. It is well estab- 
lished that disturbances to the ocular 
media may be better evaluated by 
contrast sensitivity measurements.” 
Contrast sensitivity losses have been 
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reported after other refractive surgery) 
procedures, such as radial kerato- 
tomy’ and aphakic _epikerato- 
plasty.”” On the other hand, little has. 
been reported on contrast: sensitivity 
losses after myopic epikeratoplasty. 
Justin et al” found that contrast sensi- 
tivity losses were present forthe mid- 
dle spatial frequencies up to 12 months 
after surgery. E 
After penetrating keratoplasty; pa- 
tients can show substantial visual 





losses in the presence of glare,” as do. 


some radial keratotomy “patients.”” 


Epikeratoplasty patients. could ‘also. be. - 
susceptible to disability glare effects, — 
but Justin et al” found no significant. 
glare-related visual losses. Se 


In this study we have assessed the. : 
visual performance of myopic epikera- 


toplasty patients. This visual perfor- 


mance was evaluated by contrast sen- 


sitivity testing both with and without 
the presence of glare. The results were 
compared with those of control pa- 


tients with normal vision. To assist-in’. 


evaluating the clinical relevance of any 
contrast sensitivity losses, the results 


were also compared with those of two.” 


other groups with corneal. disturbances 
whose visual performance has been 
previously 
groups consisted of radial keratotomy 
patients and 
wearing rigid contact lenses. 


METHODS 


Contrast sensitivity thresholds were 
measured using electronically generated si- 
nusoidal gratings using a two-alternative 
forced-choice procedure. Each stimulus was 
presented for 700 milliseconds, and the- 
interstimulus interval was 300 milliseconds, 
Thresholds were measured at spatial fre- 
quencies of 1, 2, 4, 12, and 24 cyeles pers 9 | 
degree at a viewing distance of 3 m: For 
















established. These two a 


keratoconus patients. 








each spatial frequency, a staircase presen- 
tation incorporating 12 reversals, with the 
first two excluded from the threshold calcu- 
lations, was used. The staircases for the 
five spatial frequencies were independent of 
each other and were presented at random. 
The gratings were displayed on a P31- 
phosphor high-resolution monitor that was 
maintained at a mean luminance of 80 can- 
delas per square meter. Surround screens 
were maintained at the same luminance as 
the display. Natural pupils were used for all 
measurements. 

Any visual loss from intraocular light 
scattering, as distinet from the optical cor- 
rection, was assessed with a glare-sensi- 
tized contrast threshold procedure.” The 
procedure for contrast threshold measure- 
ments was modified by the addition of a 
glare source 3° in angular diameter. This 
glare source was projected via a mirror to 
appear at an eccentricity of 10° to the right 
of the center of the video display. The glare 
source produced an illuminance at the eye 
of 100 lux. Because the projection system 
produced a uniform flux density at the eye, 
small head movements by the subject did 
not affect the results. The characteristics of 
the glare source arrangement were chosen 
to cause a barely measurable effect on 
contrast thresholds in normal eyes and min- 
imal decrease in pupil size. 

Monocular visual acuities were measured 
using high-contrast (approximately 95%) vi- 
sual acuity charts (log minimum angle of 
resolution)” viewed from 6 m. The lumi- 
nance of these charts was also maintained 
at 80 cd/m’, 

Seven patients who had undergone epi- 
keratoplasty for high myopia participated in 
the study. This group consisted of four 
women and three men with a mean age of 
33.6 years. Three patients had undergone 
the procedure bilaterally and four had uni- 
lateral surgery. All surgery was carried out 
by one surgeon (C.G.K.). Since indepen- 
dence of the visual results from the two 
eyes of the same individual could not be 
assumed,” results were included for only 
one eve of each patient with bilateral cor- 
rections (three right eyes and four left 
eyes). Each patient wore optimal spectacle 
correction during all measurements. 

The visual results for this experimental 
group were compared with those for three 
other groups: (1) seven patients who had 
undergone radial keratotomy, (2) seven pa- 
tients with bilateral keratoconus, managed 
by correction with rigid contact lenses, and 
(8) seven patients who were emmetropic 
and who had visual acuity of 20/20 or better. 

Each of these three groups was matched 
closely to the epikerateplasty group for 
mean age, and they were exactly matched 
for sex and distribution of right and left 
eyes evaluated. When a refractive error 
was present, the optimal correction was 
worn during the measurements. 

The experimental procedures were ap- 
proved by the Institutional Review Board 
(Human Subjects Committee) of The Ohio 
State University, Columbus. All subjects 
agreed to participate after the nature of the 
procedures was explained and informed 
consent was obtained. 
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Patient Group 


eeaeee a, 


Myopic 
Epikeratopiasty 


Keratotomy 


Radial Normal 


Keratoconus Control 





No. of eyes 7 


7 7 7 








Age, y* 33.6 (8.6) 


28.0 (4.9) 


34,9 (5.7) 30.9 (11.5) 





Preoperative myopia, 
diopters * 


10.61 (2.30) 


—5.79 (3.00) 





28.0 (14.8) 


Time since surgery, mo* 


33.0 (14.7) 





Correction, No. of eyes 
None (03 


2 





Spectacles 7 


3 





Contact lenses 


2 





Visual acuity, 
minutes of arc* 





0.294 {0.206} 
*Values are mean (SD). 


RESULTS 


The Table summarizes the general 
and ocular characteristics of each sub- 
ject group. 

Statistical analysis of the contrast 
sensitivity findings was based on 
three-way repeated-measures analysis 
of variance, with group type, presence 
of glare, and spatial frequency as the 
factors under test. However, there 
were also statistically significant dif- 
ferences present in the visual acuity 
results of the four groups (P= .0007), 
so visual acuity was incorporated into 
the analysis as a covariant. Subse- 
quent group, glare, and spatial fre- 
quency differences were analysed 
using contrast sensitivity results 
adjusted for visual acuity differences. 

As expected, the contrast sensitivity 
findings were significantly dependent 
on spatial frequency. However, there 
was also a significant interaction be- 
tween spatial frequency and group 
type (P= .000D). 

Tukey's multiple comparison test (at 
P<.05) was used to establish the na- 
ture of the group differences. Statisti- 
cally significant differences existed 
only at 4 and 12 cycles per degree. At 4 
eycles per degree, the epikeratoplasty 
group results were significantly worse 
than those for the control and radial 
keratotomy groups but were not dif- 
ferent from those for the keratoconus 
group. At 12 cycles per degree, both 
the epikeratoplasty and keratoconus 
group results were worse than those of 
the control and radial keratotomy 
groups, and they were not significantly 
different from each other. No group 
differences existed at 1, 2, or 24 cycles 
per degree, and there were no signifi- 
cant differences between the control 
and radial keratotomy groups. 

The presence of glare had a measur- 
able but statistically marginal effect 
on the contrast sensitivity results 


0.009 (0.078) 


0.260(0.145) —0.030 (0. 108) 


overall (P= .0487). The effect, when 
present, was independent of group 
type (P=.2584) or spatial frequency 
(P = .7202). 

The presence and nature of the visu- 
al losses in the three experimental 
groups were further evaluated by cal- 
culating the threshold elevations of 
those groups compared with the nor- 
mal control population (experimental 
group/control group). The results are 
shown in the Figure for both absence 
and presence of glare. There is a simi- 
larity of overall responses for the myo- 
pic epikeratoplasty and keratoconus 
groups, and both were consistently 
poorer than the radial keratotomy 
group. The Figure also indicates a 
strong dependency of these effects on 
spatial frequency, as confirmed by the 
statistical analyses. 


COMMENT 


The visual losses that can occur in 
patients with abnormal corneas, re- 
sulting from a variety of pathologic 
conditions, have been described previ- 
ously.“ Visual disturbances can 
sometimes be seen also in surgically 
altered corneas.”” In this study we 
have shown that patients who undergo 
epikeratoplasty for the correction of 
myopia are likely to have significant 
residual vision losses compared with a 
normal control population. 

Visual acuity differences among the 
four groups were present and were 
significant. However, those differ- 
ences alone cannot fully document the 
nature of the visual losses seen here. 
Even when adjusted for visual acuity 
differences, contrast sensitivity losses 
remained in those patients who had 
undergone epikeratoplasty. 

The measured visual losses varied as 
a function of spatial frequency, being 
most profound at the medium spatial 
frequencies (4 and 12 cycles per de- 
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Without Glare 


Log Threshold Elevation, 
Experimental Group/Control Group 


With Glare 


=- Myopic Epikeratoplasty -0.2 
== Keratoconus 
~ Radial Keratotomy 


1 


Spatial Frequency, Cycles per Degree 


—0.4 
10 100 0.1 


~~ Myopic Epikeratoplasty 
~@- Keratoconus 
~ée- Radial Keratotomy 


1 10 


Spatial Frequency, Cycles per Degree 





Threshold elevations (mean + SEM) for myopic epikeratoplasty patients, keratoconus patients, and radial keratotomy 
patients compared with contrast sensitivity results for a normal control group. Results are shown for measurements made 
without and with the presence of a glare source. 


gree). This dependence of the results 
on spatial frequency highlights the in- 
adequacy of visual acuity measure- 
ments alone in characterizing the visu- 
al performance of these patients. It 
also indicates the likelihood of substan- 
tially reduced functional vision perfor- 
mance in these patients. 

The visual losses found in these epi- 
keratoplasty patients would still be 
present even if comparisons are made 
with other highly myopic patients who 
did not undergo surgical correction. 
Recent findings from this laboratory 
have shown that inherent contrast sen- 
sitivity losses in highly myopic (> -7 
diopters) but otherwise healthy pa- 
tients are minor.” Comparing the re- 
sults for the epikeratoplasty patients 
with those for emmetropic control pa- 
tients is therefore valid clinically. 

The results for the epikeratoplasty 
patients were compared not only with 
those of a normal control population 
but also with those of two other groups 
with particular corneal disturbances. 
The latter comparison was made to 
provide a frame of reference for the 
present results. The first of these addi- 
tional groups included keratoconus pa- 
tients treated with rigid contact lenses 
alone. Such patients have clinically 
recognizable and well-established visu- 
al decrements, which can be docu- 
mented also by their accompanying 
contrast sensitivity losses. ™™ The my- 
opie. epikeratoplasty patients evalu- 
ated herein had contrast sensitivity 
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findings almost identical to those of the 
keratoconus patients. Through this 
comparison, the extent of the visual 
losses in the epikeratoplasty patients 
and the adequacy of their surgical cor- 
rection can be more fully appreciated. 

The results for the epikeratoplasty 
patients were also compared with 
those for a second group of refractive 
surgery patients who had undergone 
radial keratotomy. These two refrac- 
tive surgeries are not being compared 
as alternative procedures, since the 
baseline levels of myopia are clearly 
not comparable. Rather, the objective 
is again to provide a basis for compari- 
son of the observed visual losses in the 
epikeratoplasty patients. Compared 
with the slight, nonsignificant losses 
found in the present study for the 
radial keratotomy patients (Figure), 
the epikeratoplasty patients showed 
considerably more dramatic and statis- 
tically significant losses, indicating the 
inadequate nature of this form of re- 
fractive correction. 

The visual losses in the epikerato- 
plasty patients could be the result of a 
number of factors. The corneal distur- 
bances contributing to the vision losses 
could be of two major forms: alter- 
ations of the image-forming properties 
of the cornea (such as corneal shape or 
surface regularity changes)” or loss of 
media transparency and increased in- 
traocular light seattering (from inter- 
face opacities or host/lenticule trans- 


parency changes). The role of 


intraocular light scattering was evalu- 

ated by determining contrast thresh- 

olds with and without the presence ofa 

glare source. Adding the glare source 

did cause a further loss in’ contrast 

sensitivity in the epikeratoplasty pa- 
tients. However, the resulting thresh- 

old elevations caused by glare were not 

statistically different from those for 

the other groups. The characteristics 

of the added glare were chosen to 

cause a barely measurable effect im 
normal eyes. A small decrease in pupil - 
size can oecur, and this might partially 
mask light scattering from the periph- 
eral cornea of the epikeratoplasty pa- 
tients. Nevertheless, this result sug- 
gests that increased intraocular light 
scattering is not the primary mecha- 
nism by which visual losses occur after 
epikeratoplasty, although it may con- 
tribute. This finding is also consistent 
with results of Scheimpflug photogra- 
phy,” which suggested that light scat- 
tering returns to normal 6 weeks after 
surgery. The result further suggests 
that disturbances of the optical charac- 
teristics of the anterior corneal sur- 
face, such as altered asphericity, topo- 
graphical asymmetries, or a reduced 
functional optie zone,” may be the 
more important contributors to the 
visual losses. 
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Fulminant Pseudomonal Keratitis and Scleritis 
in Human Immunodeficiency Virus—Infected Patients 


Mohit Nanda, MD; Stephen C. Pflugfelder, MD; Simon Holland, MD 


è Patients with human immunodefi- 
ciency virus infection are predisposed to 
fungal, parasitic, and viral infections. 
Bacterial infection can aiso be seen, al- 
though ocular bacterial infections have 
not been reported in patients with ac- 
quired immunodeficiency syndrome until 
recently. We present two cases of Pseu- 
domonas corneoscleritis and one case of 
-Pseudomonas keratitis in patients with 

human immunodeficiency virus infection 

that failed to respond to antibiotic treat- 
ment. Predisposing factors included ex- 
_tended-wear soft contact lens use in one 
: -patient and exposure secondary to Bell’s 
palsy in another patient. All three pa- 
tients had neutropenia that may have 
contributed to their poor response to 
treatment. Enucleation was required to 
treat two patients with overwhelming in- 
fection. Enucleation has been rarely re- 
quired for treatment of corneoscleritis in 
immunocompetent patients treated at 
our institution. Pseudomonas keratitis in 
human immunodeficiency virus-infected 
patients represents a serious ocular in- 
fection requiring early diagnosis and ag- 

: gressive treatment. 

(Arch Ophthalmol. 1991 ;109:503-505) 


Thre opportunistic infections seen in 
patients with the acquired immuno- 
deficiency syndrome (AIDS) are pri- 
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marily due to compromised cellular 
immune mechanisms.’’ Consequent- 
ly, cytomegalovirus retinitis, choroidal 
Mycobacterium avium-intracellulare, 
and Toxoplasma retinitis are observed 
ocular manifestations of AIDS. Recent 
reports indicate that human immuno- 
deficiency virus (HIV), the causative 
agent for AIDS, also infects B lympho- 
cytes and macrophages, alters B-lym- 
phocyte function, and may increase a 
patients risk of bacterial infection.” 
Several recently published reports 
suggest also that bacterial infections 
are seen at an increased frequency in 
patients with AIDS.®™ Until recently, 
bacterial ocular infections in patients 
with AIDS had not been reported. 
Davis and coworkers’ deseribed a pa- 
tient with histologically confirmed en- 
dogenous bacterial retinitis associated 
with AIDS and a second patient with 
similar ophthalmoscopic findings that 
also responded to antibiotic therapy. 
Shuler and associates,’ in a review of 
anterior segment disorders associated 
with AIDS, listed four patients whom 
they had treated for bacterial kerati- 
tis. The organism cultured in two of 
these patients was Pseudomonas aer- 
uginosa. Predisposing factors in these 
patients included recurrent herpes 
simplex virus keratitis and exposure 
keratitis. The cornea perforated in one 
of these patients, while the other 
resolved. 

In this article, we present one case 
of keratitis and two cases of corneo- 
scleritis due to P aeruginosa in three 
patients with HIV infections (two with 
AIDS and one asymptomatic HIV-in- 
feeted patient). All of these patients 
were unresponsive to maximal inten- 


sive antibiotic therapy, and the condi- 
tions of two patients required enucle- 


ation. Predisposing factors for these __ 


infections, as well as treatment modal-. 
ities, are discussed. 


REPORT OF CASES 


CASE 1.—A 36-year-old white man with 
high myopia had been wearing extended- 
wear soft contact lenses for many years: 
After a biweekly cleaning, redness. and 
irritation developed on insertion. of the lens 
in the right eye. The patient was treated by 
his optometrist with patching, bacitracin 
ointment, and proparacaine hydrochloride 


drops for 3 days until he was referred te our.) 


institution with a visual acuity of counting 


fingers and a 7x 7-mm inferior corneal.ul- o 


ceration, Diagnostie corneal cultures and 
smears were performed and he was-empiri- 


cally begun on a regimen of cefazolin sodi- : 


um (50 mg/mL) and tobramycin sulfate (9 


mg/mL) eye drops every hour and:intrave-0 


nous cefazolin and tobramycin. His contact 
lens could not be obtained for culture. 
Methicillin-resistant Staphylococcus aureus 
was cultured from the cornea within 48 


hours and vancomycin hydrochloride drops ©- 


were substituted for cefazolin. The keratitis 
slowly progressed during the next 6 
days despite treatment. Worsening anteri- 
or chamber inflammation, marked chemosis 
and eyelid swelling, and intense orbital pain 
also developed. 

The patient was noted to have a reduced 
leukocyte count of 2.3x10°7L (86% poly- 
morphonuclear leukocytes) on his hospital 
admission complete blood cell count. During 
questioning for risk factors for AIDS, the 
patient admitted to being homosexual, and 
subsequent HIV serologic tests were. poši- 
tive by enzyme-linked immunosorbent. as- 
say and Western blot assay. Medical consul- 
tation was obtained and no evidence’ of 
opportunistic infection was. found. Because 
of a progressive worsening of the patients 
keratitis and enlargement of the hypopyon, | 
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a corneal biopsy and diagnostic anterior 
chamber tap were performed on the 11th 
hospital day. Three days later, Bacillus 
cereus was cultured from this biopsy speci- 
men and topical and intravenous clindamy- 
cin phosphate and tobramycin, to which the 
organism was sensitive, were added to the 
treatment regimen. 

Fifteen days after hospital admission, a 
peripheral corneal ring infiltrate and thin- 
ning developed, and perforation of the 
inferior cornea was imminent. A 12-mm 
therapeutic penetrating keratoplasty was 
performed. When the conjunctiva was re- 
flected at the time of the operation, the 
sclera appeared avascular and necrotic. 
Confluent tobramycin-sensitive P aerugin- 
osa grew from intraoperative corneal, ante- 
rior chamber, and scleral cultures. The 
patient underwent enucleation 2 days later. 
Pseudomonas aeruginosa and B cereus 
grew from cultures of the globe. Histopath- 
ologic examination revealed marked scleral 
necrosis and intrascleral gram-negative 
rods. No other medical problems have de- 
veloped in the patient in the 12 months of 
follow-up after enucleation. 

CASE 2.—A 47-year-old white homosex- 
ual man with no history of intravenous drug 
abuse had positive enzyme-linked immuno- 
sorbent assay and Western Blot Tests for 
HIV in July 1987. He was diagnosed as 
having Pnewmocystis carinii pneumonia by 
bronchoscopy later in 1987, and in June 
1988 a recurrent P carinii pneumonia de- 
veloped. Since his diagnosis of HIV infec- 
tion, he had experienced herpes simplex 
and herpes zoster dermatitis, Neisseria 
gonorrhoea urethritis, and syphilis. 

In October 1988, the patient had develop- 
ment of paresthesias of both feet and of the 
right side of the face, as well as slurred 
speech. A right-sided central facial nerve 
palsy also developed. A computed tomo- 
graphic brain scan was normal and an elec- 
troencephalogram showed a pattern sug- 
gestive of mild encephalopathy. A magnetic 
resonance imaging scan revealed a mass in 
the right cerebellopontine angle that was 
presumed to be a lymphoma. He received 
30 Gy of radiation therapy in divided doses 
to this lesion. 

The right-sided facial nerve palsy persist- 
ed during the course of radiation therapy 
and a corneal epitheliopathy secondary to 
exposure developed in the patient. This was 
treated with topical lubricants and night- 
time patching. No improvement in the kera- 
topathy was noted, and a right lateral tar- 
sorrhaphy was performed in November 
1988. This opened spontaneously in a few 
weeks and was not repeated. 

The patient presented on January 1, 
1989, with a 10-day history of discharge and 
decreased vision in his right eye. He report- 
ed no significant discomfort in his eye and 
showed good eyelid closure with no appar- 
ent facial nerve palsy. His visual acuity was 
hand motions in the right eye and 20/20 OS. 
The right conjunctiva was hyperemic with 
profuse mucopurulent discharge. The right 
cornea had dense white blood cell infiltra- 
tion. There was intense anterior chamber 
inflammation, which obscured a view of the 
iris, and a 20% hypopyon present in the 
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HIV Status” 


Case No. T4/T8 


X10°/L (% PMN) 


Leukocyte 
Counts, Predisposing 


Factors Outcome 





Asymptomatic 19/444 = 0.04 


2.3 (36) EWSCL Enucleation 





AIDS 166/374 = 0.28 


1.3 (50) Bell’s palsy Enucleation 











AIDS N/A 


2.4 (87) None N/A 


* Centers for Disease Control definition. © HIV indicates human immunodeficiency virus; PMN, polymorphonu- 
clear leukocyte; AIDS, acquired immunodeficiency syndrome; N/A, not applicable; and EWSCL, extended-wear 


soft contact lenses. 


right eye. The left eye was normal. Labora- 
tory evaluation then was remarkable for a 
leukocyte count of 1.3x10°7L (50% poly- 
morphonuclear leukocytes). The patient 
was treated with cefazolin sodium (0 
mg/mL) and tobramycin sulfate (9 mg/mL) 
topically and intravenously. Pseucomonas 
aeruginosa that was sensitive to aminogly- 
cosides grew from cultures of the cornea, 
and the cefazolin therapy was discontinued. 
Subconjunctival injections of gentamicin 
sulfate (20 mg) were given 3 and 10 days 
after hospital admission. Fourteen days af- 
ter presentation, the patients right cornea 
was totally ulcerated and the infiltrate ex- 
tended onto the sclera in over 210°. The 
patient underwent enucleation and histo- 
pathologic examination of the globe re- 
vealed keratitis, cytomegalovirus retinitis 
and optic neuritis, hypopyon, iritis, and 
mild vitritis. 

The patient’s left eye remained normal 
during 4 months of follow-up. The patient, 
however, had a progressive deterioration in 
his physical condition with mental status 
alterations, lower extremity paresis, and 
recurrent opportunistic infections. He was 
subsequently unavailable for fellow-up. 

CASE 3.—A 35-year-old white homosex- 
ual man with a history of intraveneus drug 
abuse was found to be HIV-antibedy—posi- 
tive 1 year prior to presentation when he 
had development of pulmonary Mycobacte- 
rium tuberculosis infection. He also had 
problems with chronic diarrhea and oral 
candidiasis. He presented with a 2-day his- 
tory of pain and decreased vision in his 
right eye. No history of trauma, contact 
lens, or previous ocular problems was elic- 
ited and the patient denied using any eye 
drops. Visual acuity was 5/206 OD with an 
approximately 4-mm central corneal ulcer 
and a 10% hypopyon present in the right 
eye. Laboratory studies revealed a leuko- 
cyte count of 2.4 x 10°/L (57% polymorpho- 
nuclear leukocytes). Empirie treatment 
with topical cefazolin sodium (50 mg/mL) 
and tobramycin sulfate (9 mg’mL) was be- 
gun after corneal cultures were cbtained. 
Initial cultures revealed P aeruginosa that 
was sensitive to aminoglycosides, and the 
cefazolin therapy was discontinued. The 
corneal ulcer responded slowly to treatment 
and still measured 2.5x3.0 mm 11 days 
after presentation. The patient left the hos- 
pital against medical advice at that time and 
returned for admission the next day. He 
was admitted to the hospital for another 
week and was discharged from the hospital 
when his keratitis showed no significant 
change. He was poorly complant with fol- 


low-up treatment and, at one follow-up 
visit, he was found to have topical anesthet- 
ic in his possession. Twenty-seven days 
after presentation, he reported he had not 
been using any topical medications and was 
treated with subconjunctival gentamicin 
sulfate, 40 mg. The patient was last seen 
approximately 1 month after presentation. 
His visual acuity then was hand motions. 
His right cornea had marked corneal ede- 
ma, dense infiltration of the inferior half of 
the cornea, and no hypopyon. The patient 
was unavailable for follow-up. 


COMMENT 


We have presented three cases of 
Pseudomonas keratitis or corneoscler- 
itis in patients with the HIV infec- 
tion that were poorly responsive or 
unresponsive to appropriate, intensive 
antibiotic treatment (Table). Although 
patients 1 and 2 had predisposing fac- 
tors of extended-wear contact lens use 
and Bell’s palsy, respectively, the final 
patient had no identifiable risk factor 
at presentation, although his cini- 
cal course included topical anesthetic 
abuse. At first glance, these cases do 
not seem different from other severe 
cases of pseudomonal keratitis or cor- 
neoscleritis. However, there are im- 
portant differences between these 
cases and pseudomonal corneal or 
scleral infections seen in young immun- 
ocompetent patients. 

First, P aeruginosa, the most com- 
mon gram-negative organism cultured 
from bacterial keratitis in the United 
States, is often responsive to antibiotic 
treatment provided a microbiologic di- 
agnosis is made promptly and appro- 
priate antibiotics are used.” A poor 
treatment response was seen in our 
HIV-infected patients with Pseudomo- 
nas keratitis and scleritis, despite in- 
tensive antibiotic therapy. All of these 
patients had at least 2 weeks of inpa- 
tient antibiotic therapy for infections 
caused by bacteria that demonstrated 
in vitro sensitivity to these antibiotics. 
Perhaps because of their immunocom- 
promised status, however, our pa- 
tients progressed with intensive medi- 
cal therapy to the extent that two of 
them had to undergo enucleation. In a 
recent review of patients with infec- 
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tious corneoscleritis treated at our in- 
stitution during an 8-year period (1982 
through 1989), 12 cases of pseudo- 
monal corneoscleritis in healthy im- 
munocompetent patients were identi- 
fied (Michael Reynolds, MD, oral 
communication, September 17, 1990). 
All of these patients were treated ag- 
gressively with intensive medical ther- 
“apy, surgical therapy, or both. Only 
one of these 12 eyes had to be enucle- 
ated and many recovered useful vision. 
Second, Pseudomonas scleritis was 
unrecognized for several weeks in 
patient 1 owing to lack of contigu- 
--Qus spread and minimal inflammatory 
signs. Pseudomonas corneoscleritis is 
an infrequent and generally severe oc- 
war infection™ "in immunocompetent 
hosts; however, it is typically recog- 
nized’ early because of severe pain, 
intense inflammation, and contiguous 
spread from the cornea. The inflamma- 
tory signs in patient 1 may have been 
blunted by the dysfunctional immune 
system. 
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Since bacterial infections of the eye 
have not been commonly reported in 
patients with AIDS, it is unclear how 
significant a role HIV-associated im- 
munosuppression played in our pa- 
tients since, as discussed earlier, 
patients 1 and 2 had other predispos- 
ing factors for pseudomonal keratitis. 
While normal patients may be able to 
activate B-cell immunoglobulin produc- 
tion and a cellular response to kill 
bacteria, patients with HIV infection 
have been found to be deficient in this 
ability.’ All three of our patients were 
neutropenic, and this may have been a 
factor in their poor response to thera- 
py. Despite these antibacterial im- 
mune deficiencies, systemic bacterial 
infections have generally been found to 
respond well to antibiotic therapy in 
patients with AIDS.” Sufficient data 
regarding the efficacy of standard anti- 
biotic regimens in ocular bacterial in- 
fections in patients with AIDS are not 
available. 

A few conclusions may be drawn 
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from our experience. Patients with 


HIV infections, especially those with a 


neutropenia and pseudomonal external 


ocular infections, may be recalcitrant _ - 
to antibiotie treatment. Contact lenses: 


should be used cautiously or perhaps 
not at all in this population. In addi- 
tion, patients with HIV with other risk 
factors for corneal infection, such- as 


exposure or neurotrophic keratitis, 


should be followed up closely with a 
high index of suspicion for infectious 
complications that may have an atypi- 
cal presentation. Our patients 1 and 2 
had noncontagious spread of infection 


with severe orbital pain and scleritis 


that was not initially suspected. Once 
bacterial infection is suspected, a mi- 


crobiologie diagnosis should be -pur- | 


sued and aggressive treatment should 
be instituted. Early surgical interven- 
tion is probably indicated in cases: of 
progressive or unresponsive keratitis: 
Seleral involvement usually portends: 

of dismal prognosis. 
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Prospective Corneal Topographic Analysis 
in Surgery for Postkeratoplasty Astigmatism 


George T. Frangieh, MD; Sergio Kwitko, MD; Peter J. McDonnell, MD 


è Computer-assisted photokeratos- 
copy was used to evaluate the topo- 
graphic characteristics of corneas pre- 
operatively and postoperatively in seven 
patients who underwent surgery for cor- 
rection of postkeratoplasty astigmatism. 
The steep hemimeridians were typically 
separated by an angle other than 180° 
(mean, 162.5°) and the flat hemimeridians 
were often not orthogonal to the steep 
hemimeridians. Asymmetry of power (1.5 
or more diopters) between these two 
major hemimeridians was also observed 
in three patients. Relaxing incisions were 
placed in the two steep hemimeridians 
and compression sutures were placed in 
the flat hemimeridians. The mean per- 
cent of reduction of astigmatism (vector- 
corrected) was 81.1%. The amount of 
keratometric astigmatism, and the de- 


_ gree of asymmetry of the hemimeridians 


were not correlated with the percent of 
reduction of astigmatism after placement 
of the relaxing and compression sutures. 
Computer-assisted topographic analysis 
`> May prove useful in planning transverse 
keratotomies centered on the steep he- 
=. mimeridians and in placement of com- 
- “pression sutures in flat hemimeridians. 

+ (Arch Ophthalmol. 1991;109:506-510) 


espite the high likelihood of obtain- 
“ing clear corneal grafts and im- 
proved techniques to reduce postoper- 
“ative astigmatism, corneal toricity and 
irregular astigmatism after penetrat- 
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ing keratoplasty remain major limita- 
tions of postoperative visual outcome 
in these patients. The incidence of high 
astigmatism (>5 diopters {DP follow- 
ing keratoplasty varies between 10%'* 
and 27%," and is higher following pene- 
trating keratoplasty for keratoeonus.* 
Preexisting corneal thinning and vas- 
cularization, and especially preexisting 
astigmatism such as accompanies kera- 
toconus, have been associated with a 
high frequency of astigmatism follow- 
ing penetrating keratoplasty.” Asym- 
metric suture tension with the Flier- 
inga ring, the type of trephine, the 
configuration and centration of corneal 
trephine opening, the aligranent of do- 
nor to recipient bed, graft-vs-host dis- 
parity, and the tension, length, depth, 
and configuration of corneal sutures 
have also been implicated as causative 
factors.’ Despite the advent of auto- 
mated trephines and new suturing 
techniques, astigmatism folowing pen- 
etrating keratoplasty is still common. 

Attempts to correct postkera- 
toplasty astigmatism with surgery 
planned according to keratometry 
readings might not succeed, in part, 
because the keratometer gives little 
insight into the complex and irregular 
corneal topography that results from 
penetrating keratoplasty. New meth- 
ods for evaluating corneal curvature 
have improved our understanding of 
corneal topography, especially that of 
very irregular corneas such as in kera- 
toconus or after refractive surgery and 
after penetrating keratoplasty.” 

In this prospective study, we 
describe the correction of astigmatism 
following penetrating keratoplasty 
with relaxing incisions and compres- 
sion sutures. using computer-assisted 


corneal topography analysis to plan the 
surgical procedure. 


PATIENTS AND METHODS 


A prospective study of surgery for post- 
keratoplasty astigmatism based on corneal 
topographic analysis was conducted on sev- 
en eyes of seven consecutive patients at the 
Cornea Service of The Doheny Eye Insti- 
tute, Los Angeles, Calif. To be enrolled in 
the study, patients were required to have a 
centered graft, stable postkeratoplasty 
astigmatism of at least & D measured by the 
keratometer, and a minimum elapsed time 
of 3 months following removal of all corneal 
sutures. The mean postoperative follow-up 
period after the astigmatic procedure was 
15.6 months (range, 9 to 19 months). The 
patients included six men and one woman, 
ranging in age from 19 to 76 years (mean 
age, 49.1 years). All patients were contact 
lens intolerant. Best corrected Snellen visu- 
al acuity, cycloplegic manifest refraction, 
keratometry (Bausch & Lomb keratometer, 
Rochester, NY), and computer-assisted 
topographie corneal analysis using the Cor- 
neal Modeling System (CMS; Computed 
Anatomy Ine, New York, NY) were ob- 
tained before and after surgery for each 
eye, 

For the CMS measurements, the patients 
were instructed to fixate on the central 
fixation light; a total of three videokerato- 
graphs were taken for each eye by the same 
experienced examiner at the time of each 
visit. These examinations were repeated 
until three ring image photographs had 
been captured that were free of dry spots, 
had minimal shadow from the lashes, and 
appeared to be precisely focused. The three 
images were then digitized by the computer 
and the process observed by the examiner. 
Of the three images, the highest-quality 
photograph with minimal shadows from the 
lashes and without apparent errors when 
the rings were digitized was then selected 
for analysis. Two color-coded scales were 
used to display the topographic information: 
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No. Refraction, D 


Visual Acuity 
radian 


With 
Spec- 
tacles 


With 
Contact 
Lenses 


Keratometry, D 


Kera- Keratometric 


tometric, 
Cylinder, 
D 


Cylinder 


% Reduction 


Reduction, of 


D 


Angle 
Between 
Steep 
Hemi- 


Optic 


Astigmatism meridians Correction 


Patient No./ Visual Keratometric Contact Lens Between Steep Between Steep 

Sex/Age, y Refraction, D Acuity Keratometry, D Cylinder, D Tolerance Hemimeridians Hemimeridians, D 
1/M7/50 Not available 20/200 38.00/56,00 X 15° 18.00 intolerant 160° 0.6 
2iMi 42 — 12.75 +6.00 X180° 20/40 43.00/51.25 X 180° 8.25 intolerant 445° 0.7 
3/M/38 —4.00 +10.00 X130° 20/100 41.00/52.00 X130° 11.00 intolerant 150° 0.4 
4/M/19 Not available 20/200 44.00/53.50 X50° 8.50 intolerant 165° 9.0 
§/F/55 —8.00 +8.00 x90° 20/100 41.50/ 50.00 X90° 8.50 intolerant 175° 1.6 
6/M/76 +12.00 +14.00 x94° 20/40 40.62/53.00 X84° 12.38 Intolerant 175° 1.9 
7/M/64 +6.50 +10.50 X 165° 20/30 42.75/51.37 X 160° 8.62 Intolerant 160° 0.7 





Post- 
operative. 
Period, 
mo 
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20/30 


49.00/ 49.25 X 100° 





—4.50 +3.00 X50° 


20/30 


20/30 


4§.25/48.75 X35° 





0.25 
3.50 


8.00 


97 


110° 


Contact lens 





7.50 


140° 


Contact lens 








+2.25 +0.75 X176° 20/50 


47.50/48.25 X 175° 0.75 8.75 





—9.50 +5.00 x90° 20/100 


20/40 


92 125° Spectacles 





42.50/ 48.50 x 100° 6.00 2.50 





~6.50 +4.25 x48° 20/25 


29 145° Contact lens 





45.37 / 48.50 68° 2.63 9.70 


79 105° Spectacles 





~3.25 +3.75 X5° 20/30 


the absolute scale, ranging from 9.0 to 101.5 
D, with 1.5-D increments between 35.5 and 
50.5 D; and the normalized scale, distribut- 
ing the range in anterior corneal curvatures 
among 11 colors (steepest area, red; flattest 
area, purple), with a constant increment 
between colors as determined by dividing 
the range of curvatures for that cornea by 
1L 

Using the interactive cursor, the central 
and peripheral corneal curvatures were 
evaluated. The angle between the steep 
hemimeridians was measured by delineat- 
ing the borders of both steep hemimeridians 
and measuring the vector line between 
these borders, using the normalized scale 
on the color-coded topographic map. The 
asymmetry between power of both steep 
hemimeridians was evaluated by comparing 
the corneal curvature of each steep hemi- 
meridian measured at 1.5 mm from the 

- corneal apex on the vector line described 
above. 

The absolute-scaie color-coded video ker- 
atograph was used intraoperatively in plan- 
ning incision location and extent. Based on 
the individual variation in preoperative cor- 
neal irregularity and asymmetry, we per- 
formed transverse keratotomies and placed 
compression sutures centered on the steep 
and flat meridians, respectively. The inci- 
sions were therefore typically not located 
exactly 180° apart, and were often unequal 
in length; similarly, the compression su- 
tures were not exactly orthogonal to the 
relaxing incisions. 

All surgeries were performed under ster- 
ile conditions using topical anesthesia. Af- 
ter application of topical anesthesia, pa- 
tients were asked to fixate on a pinpoint 
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20/30 


44.50/ 48.50 x 180° 4.00 4.62 





fiber-optic light source within the operating 
microscope that was coaxial with the sur- 
geons view. Preoperatively, the location of 
a limbal landmark such as a limbal vessel 
was noted. Intraoperatively, the Mendez 
marker was oriented with the aid of the 
limbal landmark, and used to guide incision 
and suture placement in accordance with 
the computer-assisted keratographs that 
were taken to the operating room. To mini- 
mize the intraoperative variables, all trans- 
verse keratotamies were performed with a 
single diamond blade (model RK-5000 dia- 
mond micrometer knife, I-Tech Industries, 
Addison, II) at a uniform depth of 0.5 mm 
(blade extension verified intraoperatively 
with a coin guage (model RK-350, I-Tech 
Industries); incisions were located 1 mm 
inside the graft-host interface and varied in 
length between 2 and 4 mm, based on the 
maximum are length between the red bor- 
ders of the steep hemimeridians. For each 
clock hour of the steep hemimeridians, as 
indicated by the angular separation of the 
two margins of the steepest (red) zone at a 
distance of 1.5 mm from the center of the 
computer-assisted videokeratographs, a 
2-mm relaxing incision was made on the 
corresponding region of the cornea. A total 
of six compression sutures, 11-0 mersilene, 
were placed at the graft-host interface 
(three in each side) in the flat meridians, 
1 mm apart; these were tightened until the 
end result of reversal of astigmatism in 
their direction was achieved, as determined 
by intraoperative keratoscopy using the 
Placido intraoperative disk (Hi-Line Medi- 
eal, El Toro, Calif The amount of kerato- 
scopic cylinder reversal varied from 50% to 
100% of the preoperative keratometric cyl- 
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53 160° Contact lens 


inder. Gaping of the relaxing incision 
wounds was achieved in all cases, as deter- 
mined by visual inspection at the end of 
each procedure. Following completion of 
the operation, the incisions were irrigated 
with balanced salt solution and the eyes 
were patched following instillation of a cy- 
cloplegic and an antibiotic drop. 

When postoperative keratometric astig- 
matism was higher than 3.00 D, sutures 
were removed on the basis. of computer- 
assisted keratographs, beginning no sooner 
than 6 weeks after surgery, and completed 
within 12 weeks after surgery. 

Correlations were made between the per- 
cent of reduction of astigmatism and preop- 
erative variables such as amount of kerato- 
metric astigmatism, asymmetry of power, 
and axis between the two steep hemimeri- 
dians. 


RESULTS 


Preoperative and postoperative data 
are presented in Tables 1 and 2, re- 
spectively. None of the patients had 
an obvious wound abnormality (eg, 
wound uplift or faulty trephination) to 
account for the high degree of postker- 
atoplasty astigmatism. 

Five of the seven patients had im- 
proved postoperative best corrected 
visual acuity of one line er more with 
spectacles. Two patients maintained 
their preoperative visual acuity with 
spectacles but became contact lens tol- 
erant. All patients were contact lens 
intolerant before surgery; after sur- 
gery, three patients were content to 
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Fig 1.—Patient 4. Computer-assisted videokeratograph of patient with 10 D of refractive cylinder and 11 D of keratometric 
astigmatism (left) demonstrates asymmetry of power of 9.0 D and ar angle of 165° between the two steep hemimeridians 
(red). Relaxing incisions of 3.5 and 1.5 mmin length were made, centered on the 3:00 and 8:45 clock positions, respectively; . 
two sets of three 11-0 mersilene sutures were placed, centered on the 7:45 and 11:00 clock positions (center). Keratometric 
astigmatism decreased from 9.50 to 0.75 D; postoperative computer-assisted keratograph reveals decreased corneal 
cylinder (right). 
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Fig 2.—Patient 3. Computer-assisted videokeratograph showing postoperative symmetric astigmatism in power and axis 
(left). Symmetric relaxing incisions 2.5 mm in length were made between the 9:30 and 11:30 and the 3:30 to 5:30 clock 
positions. Three orthogonal compression sutures were placed in each of the flat hemimeridians between the 1:30 and 2:30, 
and between the 7:00 and 8:00 clock hours, respectively. After surgery (right), corneal topography showed less toricity; 
keratometric astigmatism decreased from 11.00 to 3.50 D. 





Fig 3.—Patient 5. Preoperative (left) and postoperative (right) computer-assisted videokeratograph. Asymmetry of power 
of 1.5 D and an angle of 175° between the two steep hemimeridians (red) is present before surgery. Relaxing incisions 2.5 
and 1.5 mm in length were made between the 5:30 and 8:00 and between the 11:30 and 12:30 clock positions, respectively. 
Three compression sutures were placed in each of the flat hemimeridians between the 8:30 and 10:00 and between the 
2:30 and 4:30 clock hours. Keratometric astigmatism decreased from:8.50 to 2.50 D. 
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Surgical 
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Surgery 
Planned Using 


% Reduction 
of Astigmatism 


Keratometric Cylinder Postoperative 
Reduction, D Period, mo- 








‘Troutman -and Swinger,’ 1980 4 


AK 


Keratometer 





Krachmer and Fenzi,” 1980 


AK 


Keratometer 


75.0 


8.40 4 





42.5 





4.25 8:2 





Sugar and Kirk,?? 1983 


AK 


Keratometer 





Mandel et al,'® 1987 


AK and CS 


Keratometer 





McCartney et al,” 1987 


Ri and CS 


intraoperative keratoscope 





Limberg et ai," 1989 


cs 


Intraoperative keratoscope 





Cohen et al,? 1989 


AK 


Photokeratoscope 


60.0 


7,50 NA 





67.0 


6.56 6-9" 





68.0 


7.95 





48.0 


§.10 





69.8 


6.52 








Maguire and Bourne, 1989 


AK or Ri 


Photokeratoscope 





37.7 


3.00 





Present study 7 


RI and CS 


CMS 


81.1 





and CMS, Corneai Modeling System. 


continue with spectacle correction and 
four patients were contact lens tol- 
erant. 

The mean preoperative keratometric 
cylinder was 12.3 D. After surgery, 
the mean keratometrie cylinder was 
2.7 D, with a mean (+ SE) decrease in 
keratometric cylinder of 8.2+1.7 D. 
The mean percent reduction of kerato- 
metric astigmatism was 81.1% (range, 
29% to 129%). Suture removal, per- 
formed between 6 and 12 weeks after 
surgery, included removal of all six 
sutures in two eyes, two sutures in one 
eye, one suture in one eye, and no 
sutures in the remaining three eyes. 

Computer-assisted keratographs re- 
vealed asymmetry of both power and 
angle of separation between the two 
major hemimeridians. The preoper- 
ative angle between the steep hemi- 
meridians ranged between 145° and 
175°, with a mean of 160°. The preoper- 
ative asymmetry of power between the 
two steep hemimeridians was less than 
1.0 D in four patients, between 1.5 and 
2.0 D in two patients, and 9.0 D in one 
patient. 

Figures 1 and 2 are examples of 
asymmetric postkeratoplasty astigma- 
tism that was treated with asymmetric 
relaxing incisions and compression su- 
tures, The percentage reduction of 
keratometric astigmatism in these two 
tases was 92% and 29%, respectively, 
on the last postoperative follow-up vis- 
it. Although there was only a 29% 
reduction of astigmatism in the latter 
case, this patient was successfully fit- 
ted with a contact lens after surgery. 

Figure 3 exemplifies a symmetric 
postkeratoplasty astigmatism, in 
which orthogonal relaxing incisions 
were made 90° away from the compres- 
sion sutures. Eighteen months after 
surgery, and 15 months after removal 
of all sutures, the corneal (keratome- 
tric) astigmatism was reduced from 
11.0 to 3.5 D, with a shift in axis of 
about 90°, indicating overcorrection. 
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The preoperative amount of kerato- 
metric astigmatism, and degree of 
asymmetry of power and axis between 
hemimeridians were not correlated 
with the percent of reduction of astig- 
matism after relaxing incisions and 
compression sutures. 


COMMENT 


Transverse keratotomies in the 
graft bed,” intraincisional relaxing in- 
cisions,” graded relaxing incisions,” 
trapezoidal relaxing keratotomy,” ar- 
cuate relaxing incisions,” wedge re- 
sections,” combined arcuate and 
semi-radial incisions,” circumferential 
relaxing incisions,“ and compression 
sutures” have all been used to cor- 
rect postkeratoplasty astigmatism, but 
poor predictability is a major limitation 
of all of these procedures. The limited 
surgical success in correcting postker- 
atoplasty astigmatism (Table 3) might 
be, at least in part, a result of false 
preoperative assumptions, lack of un- 
derstanding of intraoperative vari- 
ables, and arbitrary postoperative 
management. 

Relaxing incisions alone, in or out of 
the keratoplasty wound," compression 
sutures alone,” and a combination of 
these two methods*"*" have been tried 
to correct postkeratoplasty astigma- 
tism. In most of these previous stud- 
ies, the steep corneal meridians were 
determined preoperatively by the ker- 
atometer, an instrument that mea- 
sures only the central 3.0 mm of corne- 
al curvature, and assumes the eorneal 
surface topography to approximate 
that of a spherocylindrical lens. The 
steep meridian is assumed to be com- 
posed of two hemimeridians radially 
symmetric about the corneal apex, 
separated by 180° from each other and 
by 90° from the flat meridians. Kera- 
tometry readings of the irregular post- 
keratoplasty cornea may provide lim- 
ited insight into the complex topo- 
graphic features, and surgery based on 
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* AK indicates arcuate keratotomy within the keratoplasty wound; CS, compression sutures; RI, relaxing incisions central to the keratoplasty wound: NA, not available; oo 


keratometry might therefore have lim- 
ited success. : 

Computer-assisted video keratog-- 
raphy may be more helpful than keras ~ 
tometry in planning astigmatic. proce- ~ 
dures after penetrating keratoplasty... 
Prospective analysis of photokeratos-.. 


copy for arcuate keratotomy to correcto 
astigmatism following penetrating kêr- 


atoplasty has shown a good correlation 
between change in ring ovality and 
keratometric astigmatism change.’ 
The CMS allows even more detailed 
assessment of the corneal surface, both 
quantitatively and qualitatively, span- 
ning almost the entire corneal -sur- 
face,’ and has been shown to be as 
accurate and reproducible as the 
Bausch & Lomb keratometer when 


measuring calibrated steel balls’ and _ 
reproducible to within +0.25 D for: = 


83% of measurements in normal eyes.” 
It is possible that an experienced ob-.: 
server may be able to appreciate some. 
of the topographic complexities of 
postkeratoplasty corneas by visual 
inspection alone, but Maguire and 
Bourne” stated in a retrospective se- 
ries that “visual inspection of the kera- 
toscope photographs did not allow the. 
complexity of the surface optics to be... 
understood in sufficient detail to allow =: 
the surgeon to make a reasonable deci- 
sion on incision location.” 

We used the CMS to assess the 
preoperative corneal topography of 
seven consecutive contact lens—intoler- 
ant patients with high degree of post- > 
keratoplasty astigmatism (>5 D). 
Using the computer-assisted video- 
keratographs, we were able to mea- : 
sure most of the graft curvature from 
the apex to the graft-host junction. 
With the keratographs, analysis of re- 
gional corneal surface power helped us 
design what we thought might be more 
accurate surgical plans. Asymmetry of 


power between the two steep meridi-- : 


ans was seen in three cases; also, the 
steep meridians were separated by an 











angle at least 10° less than 180° in five 
of the seven cases, and the flat meridi- 
ans were orthogonal to the steep me- 
ridians in only one of seven cases. 
Maguire and Bourne” also found asym- 
metry of power of the two steep hemi- 
meridians in six patients with postker- 
atoplasty astigmatism, and an angle 
asymmetry between the major hemi- 
meridians in two of the six patients, 
-although they did not vary surgery on 
the basis of these findings. With the 
patient fixing on the positioning light 
of the CMS, photokeratoscope, or ker- 
atometer, the center of the graft may 
not coincide with the center of the 
keratograph or keratoscope photo- 
graph; the clock-hour positions on the 
keratographs will not necessarily, 
therefore, correspond to the clock- 
hour positions on the graft, introduc- 
ing a potential error for the placement 
of incisions and sutures. We attempted 
to minimize this error by having pa- 
tients fixate on a coaxial fiber-optic 
fixation target within the operating 
microscope during the surgery, so that 
the reference for the clock hours would 
be similar. 

Regardless of the pathogenesis, for 
greater central flattening, deeper, 
more central, and longer keratotomies 
are thought to increase the surgical 
effect.” In this study, the length of the 
transverse keratotomies varied from 2 
to 4 mm, depending on the are length 
of the steep hemimeridian, keeping the 
depth of the cut constant at 500 pm, 
and the location of the cut constant at 
1 mm central to the graft-host inter- 
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face. The variable width of steepening 
of the two hemimeridians, as deter- 
mined by the CMS, may be a partial 
determinant of the outcome of astig- 
matic surgery. A very large study 
randomizing patients to classic sym- 
metrical surgery vs asymmetrical sur- 
gery based on specific preoperative 
topographic features would be re- 
quired to prove the value of this 
approach. 

We believe that intraoperative as- 
sessment of corneal astigmatism, by 
means of either a keratoscope or a 
keratometer, is important to monitor 
the reversal of preoperative astigma- 
tism, as emphasized in previous stud- 
ies???" In addition, it is our im- 
pression that the use of a mersilene 
suture is advantageous over nylon su- 
ture, because the former is less biode- 
gradable,” leading to a more stable 
corneal curvature. Even with mersi- 
lene, however, we tended to have un- 
dercorrections in our series, with only 
one eye being overcorrected. That inci- 
sions alone, after removal of compres- 
sion sutures, can occasionally result in 
shifts in keratometriec cylinder of 10 D 
or more attests to the apparent vari- 
ability in wound healing and, perhaps, 
to the stress to which the cornea is 
subjected at the site of the incisions. 

Our prospective study suggests that 
computer-assisted video keratographic 
analysis of postkeratoplasty astigma- 
tism prior to relaxing incisions and 
compression sutures may prove helpful 
in planning more accurate surgery. We 
were able to reduce the postkerato- 
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plasty astigmatism by 81.1%, a result 
that compares favorably with those of 
previously published series using re- 
laxing incisions (Table 3), except for 
the results reported by Troutman and 
Swinger.” They reported a 75% reduc- 
tion of astigmatism in four patients 
using relaxing incisions based on pre- 
operative and intraoperative keratom- 
etry; however, their sample size was 
small and the follow-up period after 
the astigmatic procedure was only 
4 months. In our small study, we were 
unable to find any correlation between 
the amount of asymmetry of astigma- 
tism and response to surgery. Despite 
achieving a high percentage of astig- 
matic correction (81.1%), we could not 
prove the value of computer-assisted 
video keratography in planning sur- 
gery for postkeratoplasty astigmatism. 
To have an 80% likelihood of detecting 
a statistically significant (P<.05) im- 
provement in astigmatic reduction by 
20% over surgery based on keratom- 
etry alone (using the means and SDs 
from our seven patients), sample size 
calculations” indicate that we would 
require at least 24 patients in each 
group, a number that could likely be 
achieved only by a multicenter clinical 
trial. 
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| Late-Onset Elevation in Intraocular Pressure After 
Neodymium-YAG Laser Posterior Capsulotomy 


Stuart Fourman, MD, John Apisson, MD 


“© We retrospectively studied the long- 
term change in intraocular pressure after 
neodymium-YAG laser posterior capsu- 
lotomy. Uncomplicated extracapsular 
cataract extraction with posterior cham- 
ber intraocular lens implantation was 
performed in 446 consecutive normal 
eyes (401 patients), 237 (53%) of which 
subsequently underwent uncomplicated 
neodymium-YAG laser posterior capsu- 
lotomy. Late-onset elevation in intraocu- 
lar pressure was seen in three eyes 
(1.4%) after cataract surgery alone (mean 
follow-up, 2.7+ 1.7 years) and in 14 eyes 
(5.9%) after cataract and laser surgeries 
(mean follow-up, 3.0+1.1 years). This 
difference was statistically significant 
(P<.03). These results suggest that, in 
addition to immediate changes in intra- 
ocular pressure, neodymium-YAG laser 
posterior capsulotomy may be associ- 
ated with an increase in intraocular pres- 
sure long after the laser surgery, even in 
normal. eyes without obvious postopera- 
tive complications. 
(Arch Ophthalmol. 1991;109:511-513) 


[ ncteased intraocular pressure is a 

well-known complication of neodymi- 
um (Nd)-YAG laser posterior capsulo- 
tomy: It is usually transient, occur- 
ring within 4 hours after the laser 
procedure and lasting for less than 24 
hours.“ A persistent increase in in- 
traocular pressure occurs in about 1% 
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of patients.” The purpose of this study 
was to evaluate the risk of late-onset 
elevation in intraocular pressure after 
Nd-YAG laser posterior capsulotomy. 
We determined the incidence of ele- 
vated intraocular pressure more than 
1 year after laser surgery in patients 
who had no observed complications 
after the procedure. 


PATIENTS AND METHODS 


We examined the charts of all patients 
who underwent uncomplicated extracapsu- 
lar cataract extraction with posterior cham- 
ber intraocular lens implantation between 
January 1, 1984, and December 31, 1987. 
All patients with a history of glaucoma, 
uveitis, or significant ocular trauma were 
excluded. Patients who suffered intraopera- 
tive complications, such as hyphema or 
vitreous loss, or who required additional 
surgery, suck as vitrectomy, pupilloplasty, 
or anterior intraocular lens placement, 
were also excluded. 

All operative and laser surgeries as well 
as all postoperative examinations were per- 
formed by a single surgeon (J.A.). Extra- 
capsular cataract surgery was performed 
using a can-cpener capsulotomy, mechani- 
cal irrigation and aspiration, viscoelastic 
material with subsequent removal, intraca- 
meral acetylcholine, and posterior chamber 
intraocular lens implantation with “in-the- 
bag” placement. Iridectomy was not per- 
formed. All patients were followed up in a 
standard fashion after surgery as clinically 
indicated. Patients were routinely seen at 
1 day, 1 week, 3 weeks, 6 weeks, and 8 
weeks after surgery, or more frequently if 
clinically indicated. Subsequently, patients 
were generally seen every 6 to 12 months. 

Neodymium-YAG laser posterior capsu- 
lotomy was performed when it was clinical- 
ly believed that such a procedure would 
improve the patients vision. All eyes were 
treated before the laser treatment with 1% 
tropicamide hydrochloride drops. The end 


point of the laser was an opening 4 mm in - 
diameter. An attempt was made not-to | 
incise the anterior hyaloid face, No stane: - 


dard preoperative or postoperative. regi- 
men, such as apraclonidine hydrochloride, 
was used. Laser energy (in millijoules) was 
calculated as the product of the number. of 
laser applications and the energy of each 
laser shot. < 

Elevated intraocular pressure was de- 
fined as an intraocular pressure greater 
than 22 mm Hg noted on at least two 
consecutive examinations 1 week apart. 
Those patients who developed elevated: in- 
traocular pressure secondary to angle clo- 
sure, such as after pupillary block ‘or iris). 
neovascularization, or secondary open angle = 
glaucoma, such as due to pigmentary dis- 
persion, were excluded. Therefore, all-eyes 
reported to have elevated intraocular pres- 
sure had an open angle without intraocular 
hemorrhage, inflammation, vitreous in the- 


anterior chamber, pupil capture of the in- : 


traocular lens implant, or erosion of. the 
implant into the iris. Each patient. was 
subsequently treated based on clinical 
evaluation. 

If a patient underwent bilateral cataract. 
surgery alone, or bilateral cataract and 
laser surgeries, only data from the right 
eye were included in this study. If a patient. 
underwent bilateral cataract surgery but- 
unilateral laser surgery, data from both 
eyes were included. Patients who under- 


went cataract surgery alone were compared 


with those who underwent cataract. and 

laser surgeries. Statistical analysis included 

analysis of variance and x” analysis. 
RESULTS 


Data from 446 eyes (401 patients) 
are included in this study. Extracapsu- 
lar cataract surgery alone was per- 
formed in 209 eyes (47%) and cataract 
and laser surgeries were performed in 
237 eyes (53%). Age at cataract sur- 
gery, precataract extraction intraocu- 
lar pressure, latest intraocular pres- 
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Capsulotomy energy, mJ 
“Values are means + SDs. 








No. of Patients 
Siete alle i tans 


intraocular 
Pressure Cataract Alone 





intraocular 
Pressure 


Cataract 
and Capsulotomy 





Variabies Alone Capsulotomy Cataract Cataract-and 
No. of patients 207 237 Variables Alone Capsulotomy 
Age at cataract. surgery, y 70.0 + 14.5 71.3 + 10.4 No. of patients 14 
Intraocular pressure, mm Hg Age, y 74.4 + 7.1 
Preoperative 14.8 + 2.8 15.8 + 2.6 initial intraocular pressure 
Last intraocular pressure 13.9 + 2.1 15.0 + 2.8 mm Hg 16.4 + 1.8 
Time, y Latest intraocular pressure, 
Before follow-up 2.7 + 1.7 3.0 ż 1.1 mm Hg 24.3 + 0.6 24.9 + 2.1 
Between cataract and Follow-up term, y 5.0 + 1.0 47 +4141 
capsulotomy 14 t10 Capsulotomy energy, mJ 38.2 + 13.0 
Between capsulotomy and last "Values are means + SDs 
examination 1.6 = 


No. of Patients 
paee Neeem, 
Cataract Cataract and 
Alone Capsulotomy 








Normal 206 
Late-onset elevated 3 





“Difference was statistically significant at P < .03 by x? analysis. 


Patient No. Age, y 





Normal 
Late-onset elevation 


Total Foliow-u 





66 





1 
2 68 





3 65 





Mean + SD 66.3 + 1.5 


-Cataract and Laser Surgeries 


CE-YAC, y 


63 1.0 





YAG-IOP Onset, y 
1.0 





68 4.5 


0.5 





63 3.0 


0.1 





91 2.0 


0.5 





76 3.5 


1.0 





80 0.5 


2.5 





86 0.5 


2.0 





70 1.5 


0.5 





76 0.5 


3.5 





73 3.0 


0.5 





88 3.5 


0.5 





74 3.0 


2.0 





65 1.0 


3.0 





45 
o 





* Difference was statistically significant at P < .04 by x? analysis. 


vated intraocular pressure experi- 
enced an immediate intraocular pres- 
sure increase (greater than 10 mm Hg) 
after laser surgery. Laser energy was 
similar between eyes that developed 
late-onset intraocular pressure eleva- 
tion and those that did not (P =.8). 

Of the 45 patients who underwent 
bilateral cataract surgery and unilater- 
al laser surgery, three developed late- 
onset elevation in intraocular pressure 
(Table 4). In each instance, this oc- 
curred in the eye that underwent cata- 
ract and laser surgeries. This differ- 
ence was significant (P<.04). In two of 
these three cases, the eye with cata- 
ract surgery alone was performed 
first. 

The onset of intraocular pressure 
elevation is presented in Table 5. In 
those eyes undergoing cataract sur- 
gery alone, the mean onset was 





69 4.0 


0.5 





Mean + SD 74.4% 9.1 2.1+ 1.2 


sure, and length of follow-up care were 
similar between these two groups (Ta- 
ble 1). 

Late-onset elevated intraocular 
pressure was seen in three eyes (1.4%) 
that underwent cataract surgery alone 
and in 14 eyes (5.9%) that: underwent 
cataract and laser surgeries (Table 2). 
This difference was statistically signifi- 
cant (P<.08, x’ analysis). Age, initial 
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“CE indicates cataract extraction; YAG, laser capsulotoemy; and IOP, intraocular pressure elevation. 


intraocular pressure, and length of fol- 
low-up care were similar between 
these two groups (Table 3). Two (12%) 
of the 17 eyes that developed late- 
onset intraocular pressure elevation 
also had transient (1 to 2 days) eleva- 
tion in intraocular pressure after cata- 
ract surgery, believed related to resid- 
ual viscoelastic material in the anterior 
chamber. No eye with late-onset ele- 


3.3+2.1 years after surgery. In those 
eyes undergoing cataract and laser 
surgery, the mean onset was 1.3+1.1 
years after laser surgery (3.4+1.1 
years after cataract surgery). Al- 
though seven (50%) eyes developed 
this complication within 6 months after 
laser surgery, elevated intraocular 
pressure was not seen in five (86%) 
until at least 2 years after laser 
surgery. 

The 17 eyes with late-onset eleva- 
tion in intraocular pressure were treat- 
ed with a combination of topical anti- 
glaucoma medication. Within the 
follow-up period of this study, none 


Capsulotomy — Fourman & Apisson 





were noted to have progressive optic 
nerve damage or visual field loss, as 
determined using direct ophthalmosco- 
py and automated visual field testing, 
respectively. 


COMMENT 

These results suggest that Nd-YAG 
laser posterior capsulotomy may in- 
crease the risk of elevated intraocular 
pressure long after the laser procedure 
has been performed, even in eyes with- 
out postlaser complications. That is, 
following uncomplicated cataract sur- 
gery in normal eyes, Nd-YAG capsulo- 
tomy may increase the risk of intraocu- 
lar pressure elevation, 2 to 3 years 
later, from 1% to 6%. No factors pre- 

- odictive of this risk were identified in 
_ this study. 

‘Immediate elevation in intraocular 
pressure after capsulotomy is well 
known and occurs in about one third of 
eyes. Most cases normalize within 
24 hours, although the intraocular 
pressure may remain elevated for at 
least 6 months in about 1%.” This is 
most commonly seen in eyes with a 
history of glaucoma, or with initial 
intraocular pressure greater than 
20 mm Hg." Eyes with persistently 
elevated intraocular pressure may be 
different from those considered in this 
study. Eyes with persistently elevated 

: -intraocular pressure experienced an 
immediate increase in pressure, after 

the laser surgery, that continued for 
“several months, while those in this 
study underwent essentially uncompli- 
cated cataract and laser surgeries but 
developed elevation in intraocular 
pressure 2 to 3 years later. Two eyes 
in this study did have a transient ele- 
vation. in intraocular pressure after 

cataract surgery, but not after laser 
treatment. 

Channel and Beckman’ described 
two cases of late elevation in intraocu- 


lar pressure. In each instance, after 
the laser procedure, there was an im- 
mediate elevation in intraocular pres- 
sure that responded to antiglaucoma 
therapy. On cessation of therapy sev- 
eral weeks later, elevation in intraocu- 
lar pressure returned. The authors 
warned that short-term antiglaucoma 
therapy may mask those patients who 
might experience later pressure rises. 
However, they did not report any late 
elevations of intraocular pressure in 
eyes without postlaser complications, 
as noted in this study. 

Long-term risk of intraocular pres- 
sure elevation may be confused with 
possible coincidental onset of primary 
open angle glaucoma. To avoid this 
confusion, the method used in this 
study compared those eyes after cata- 
ract surgery that did not undergo Nd- 
YAG capsulotomy with those that did. 
The mean age of each group was simi- 
lar. The incidence of intraocular pres- 
sure elevation in eyes following cata- 
ract surgery alone is similar to the 
0.5% to 1.25% incidence of glaucoma 
expected among normotensive adult 
patients.” In addition, patients who 
underwent bilateral cataract surgery, 
but unilateral laser surgery, were 
evaluated. In each instance, elevated 
intraocular pressure was seen only in 
eyes having undergone laser cap- 
sulotomy. 

Although 17 eyes in all developed 
late-onset elevated intraccular pres- 
sure, none was noted to have visual 
field loss or progressive optic nerve 
damage. This could be due to the short 
follow-up period of this study. Also, 
more sensitive means of testing, such 
as stereophotographs or more compre- 
hensive automated field testing, may 
have detected change. It may also be 
possible that this intraocular pressure 
elevation represents a form of ocular 


CORRECTION 





hypertension without damage to the — 
eye. 
Further study seems warranted to —_ 


confirm or refute these observations. 
This study is merely a retrospective 
analysis of data derived from the work 
of a single surgeon. A prospective pro~ 
tocol was not followed. Last, although 


the mean age in both groups was simi- 
lar, specific age-matched controls were a 
not used. oe 


References 


1. Channel MM, Beckman H. Intraocular pres- 
sure changes after neodymium-YAG laser posteri- 
or capsulotomy. Arch Ophthaimol. 1984:10% 1024- 
1026. ; 
2. Stark WJ, Worthen D, Holladay JT, Murray o 
G. Neodymium: YAG lasers: an FDA report. Oph os 
thalmolagy. 1985;92:209-212, me 

3. Ricter CU, Arzeno G, Pappas HR, Steinert 
RF, Pullafito ©, E pstein DL. Intraocular pressure: 
elevation following Nd:YAG laser posterior capsn- © 
lotomy. Ophthalmology. 1985;92:636-640; : oe 

4. Schubert HD, Morris WJ; Troken SL, Balazs =. 


EA. The role of the vitreous in the intraocular: 
pressure rise after needymium-YAG laser eapsulo-. = 


tomy. Arch Ophthalmol, 1985;108:1588-1542.- 
5. Kraff MC, Sanders DR, Lieberman HL: In- 


traocular pressure and the corneal endothelium af- as 
ter neodymium-YAG laser posterior capsulotomy! 
relative effects of aphakia and pseudophakia, Arch ee 


Ophthalmol. 1985:103:511-514. 

6. Slomovic AR, Parrish RK. Acute elevations: 
of intraocular pressure following Nd:YAG laser 
posterior capsulotomy. Ophthalmology: 1985; 
92: ig 

Richter CU, Arzeno G, Pappas HR, Arig 


ca, Wasson P, Steinert RF. Prevention of intra- . 


ocular pressure elevation following neodymium- 
YAG laser posterior capsulotomy. Arch Ophthal- 
mol, 1985;103:912-915. of 

8. Flohr MJ, Robin AL, Kelley JS. Early compli- = 


cations following Q-switched neodymium-YAG- =” 


laser posterior 
1985;92:360-363. 


capsulotomy. Ophthalmology. 


9. Pollack IP, Brown RH, Crandall AS, Robin 


AL, Stewart RH, White GL. Prevention of the rise 
in intraocular pressure following neodymium YAG © - 
posterior capsulotomy using topical 1% apracdloni= =: 
dine. Arch Ophthalmol. 1988;106:754-757. eee 
10. Hart WM Jr. The epidemiology of primary- 

open angle glaucoma and ocular hypertension. In: 
Ritch R, Shields MB, Krupin T, eds. The Glaueo- 
mas. St Louis, Me: CV Mosby Co; 1989:789-795. 


Missing Reprint Request Address.—In the article titled “Affiliation Between Hahnemann 
University and Pennsylvania College of Optometry,” published in the February 1991 is- 


sue of the ARCHIVES (1991;109:234-237), the reprint request address was omitted. It should 
have read, “Reprint requests to the Department of Ophthalmology, Hahnemann Univer- 
sity, 216 N Broad St, Mail Stop 209, Philadelphia, PA 19102 (Dr Yanoff).” 





Arch o papamol ~ Voi 109, piles 


513 





Capsulotomy—Fourman & Apisson ; 








Endocapsular Hematoma 





‘Description and Treatment of a Unique Form 


-of Postoperative Hemorrhage 


~ John C. Hagan III, MD, Douglas E. Gaasterland, MD 


è Endoecapsular hematoma, to our 
knowledge, is a previously unreported 
type of postoperative hemorrhage. In this 
condition, blood collects in the narrow 

“space between the anterior surface of the 
posterior capsule and the posterior optic 
surface of a posterior chamber intraocu- 
lar lens. Endocapsular hematoma differs 
from. anterior chamber hyphema in sev- 
eral ways: the location of the blood is in 
the endocapsular space, a small amount 
: -of endocapsular blood can cause visual- 
ly disabling symptoms, the blood in the 
endocapsular space often fails to reab- 
sorb, and neodymium-YAG laser capsul- 
otomy can be used to drain the endocap- 
sular blood into the vitreous cavity. 
We. present six cases of endocapsular 
hematoma. Neodymium-YAG laser cap- 
““gulotemy was successfully used to drain 
the endocapsular hematoma in three of 

. these cases. 

(Arch Ophthalmol. 1991;109:514-518) 


Thre preferred position for posterior 
chamber intraocular lenses (PC- 

< IOLs) is in the endocapsular space. 
The advantages of this position have 
“been documented and described previ- 
ously.: One of the advantages of im- 
plantation completely within the cap- 
sular bag is the relative isolation of the 
implant from the rest of the eye. The 
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lens capsule separates the PC-IOL 
from vascularized uveal and other re- 
active ocular tissues. The space be- 
tween the posterior surface of the PC- 
IOL optic and the anterior surface of 
the posterior lens capsule is at times 
sufficiently isolated from the rest of 
the eye to allow clinically sequestered 
presentations. Published reports have 
described sequestered, localized 
endophthalmitis” and hypopyon.’ 

We report six cases of a new seques- 
tered hemorrhage that we call endo- 
capsular hematoma. Endocapsular he- 
matoma is a distinct and, we believe, 
previously unreported entity that dif- 
fers from the usual postoperative ante- 
rior segment hyphema. We present a 
method of treatment for vision-impair- 
ing, nonresolving cases and discuss the 
differential diagnosis. 


REPORT OF CASES 


Patients 1 through 4 underwent 
planned extracapsular cataract extractions 
(ECCEs) and insertions of PC-IOLs by one 
of us (J.C.H.) in an identical manner. After 
peribulbar anesthesia, a 170° fornix-based 
flap was created. With use of a trifaceted 
diamond knife, a 10-mm chord-length, two- 
planed incision was placed 1.5 to 2.0 mm 
posterior to the limbus, creating a distinct 
partial-thickness scleral flap. Anterior cap- 
sulotomy was performed by multiple micro- 
punctures under a viscoelastic. The nucleus 
was manually expressed, and cortical clean- 
up was performed with an automated irri- 
gation/aspiration system. The capsular bag 
was distended with a viscoelastic, and the 
PC-IOL was placed in the capsular bag 
under direct visualization. Placement was 
checked by iris retraction. All lenses were 
believed to have both haptics within the 


capsular bag. The PC-IOL used was a UV 
light-blocking, modified C-loop design 
13.65 mm long with a 7-mm optie and 
prolene haptics. No positioning holes were 
present, and the lens had 10° of posterior 
angulation. The anterior optic surface was 
convex, and the posterior surface was pla- 
no. After PC-IOL insertion, the pupil was 
constricted with either acetylcholine or car- 
bachol. The incision was closed with inter- 
“rupted 10-0 nylon sutures (five to seven 
stitches were used). Viscoelastic was re- 
moved at the end of the procedure. Patient 
5 underwent an ECCE and PC-IOL inser- 
tion combined with a trabeculectomy. In 
this case, a 3-mm triangular, partial-thick- 
ness, limbus-based scleral flap was created 
at the 12-o’clock position, and a 1x3-mm 
block of trabeculum was excised. After 
cataract extraction and PC-IOL insertion, 
the flap was closed with a single stitch at 
the apex. No operative complications oc- 
curred in these cases, nor was any blood 
present in the anterior chamber or behind 
the PC-IOL at the completion of the proce- 
dures. A subconjunctival injection of genta- 
micin sulfate, cefazolin sodium, and dexa- 
methasone sodium phosphate was 
administered into the inferior fornix. Topi- 
cal steroids and tobramycin were tapered 
over a period of 4 to 6 weeks, by which time 
all eyes were inflammation free. No eye had 
vitreous hemorrhage. 

CASE 1.—On August 15, 1989, an 84- 
year-old white woman with chronic open 
angle glaucoma and a visual acuity of 20/70 
underwent ECCE and PC-IOL insertion. 
She had previously undergone bilateral ar- 
gon laser trabeculoplasties and was receiv- 
ing dipivefrin hydrochloride in both eyes. 
On the first postoperative day, the visual 
acuity was 20/60, and an endocapsular he- 
matoma (Fig 1). was present. The blood 
covered about 50% of the pupil. The pupil 
was peaked at the 10-o'clock position by an 
anterior capsular flap. Vitreous and anteri- 
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Fig 1.—Case 1. On the first postoperative day after extracapsu- 
lar cataract extraction and posterior chamber intraocular lens 
insertion, the endocapsular hematoma occupies 50% of the 
pupillary space. The blood is behind the posterior chamber 
intraocular lens and in front of the posterior capsule. The pupilis 
distorted by a small flap of anterior capsule. 











day. 


or chamber were free of blood. On October 
6, 1989, visual acuity was 20/30, and blood 
covered 40% of the pupil. Above the lay- 
ered red blood was a faint, thin, whitish 
layer, During the next 4 months, the pa- 
tient complained of blurred vision whenever 
she reclined or bent her head down. There 

yas no further reabsorption of the endocap- 
sular hematoma. Six months after her cata- 
ract surgery, the patient underwent neo- 
dymium  (Nd)-YAG laser posterior 
capsulotomy after informed consent was 
obtained. The capsule was fibrotic and diffi- 
cult to cut. A total of 96 single bursts of 1.0 
to 1.7 mJ were used to create a capsulo- 
tomy. The blood in the capsule was liquid 
and drained (Fig 2) posteriorly as the cap- 
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Fig 3.—Case 2. Two months after cataract surgery (extracap- 
sular cataract extraction and posterior chamber intraocular 
lens insertion), a large endocapsular hematoma remains un- 
changed in size and appearance from the first postoperative 








sule was opened. The intraocular pressure 
remained normal. Vision no longer blurred 
with changes in head position, and visual 
acuity remained at 20/30. 

CASE 2.—On February 27, 1990, an 80- 
year-old white man with a visual acuity of 
20/70 underwent ECCE and PC-IOL inser- 
tion in his right eye. On the first postopera- 
tive day, his visual acuity was hand mo- 
tions, there was a 10% anterior chamber 
hyphema, and a layer of blood was present 
behind the PC-IOL. Intraocular pressure 
was 28 mm Hg. He was given 0.5% timolol 
maleate twice daily. The blood in the anteri- 
or chamber cleared within 1 week. The 
endocapsular hematoma did not reabsorb. 
The intraocular pressure returned to nor- 


Fig 2.—Case 1. One day after neodymium-YAG laser capsulo- 
tomy drained the endocapsular hematoma into the vitreous 
cavity, the pupillary space is clear. 





Fig 4.—Case 2. The size and location of the endocapsular 
hematoma is seen in retroillumination. This patient had no 
visual complaints and 20/20 visual acuity. Drainage of the 
hematoma was not performed. 


mal, and timolol therapy was discontinued. 
On April 25, 1990, the patients visual acu- 
ity was 20/20, and he had no ocular com- 
plaints. A layer of bright-red blood re- 
mained in the endocapsular space (Figs 3 
and 4). No treatment was recommended in 
view of his good vision. 

CASE 3.—An 84-year-old man with visual 
acuity of 20/70 underwent ECCE and inser- 
tion of a PC-IOL on January 23, 1990. On 
the first postoperative day, the visual acu- 
ity was 20/60 and a layer of blood was noted 
in the endocapsular space. There was no 
anterior chamber or vitreous hemorrhage. 
The blood gradually cleared centrally. On 
June 28, 1990, the visual axis was clear, but 
a spot of bright-red blood remained (Fig 5) 
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~-guperonasally out. of the visual axis. Visual 
acuity was 20/25. 

CASE 4,—An 85-year-old woman under- 
went ECCE and insertion of a PC-IOL on 
March 27, 1990. She had previously under- 
gone a similar operation on the fellow eye 
without complication and with a good re- 
sult. On the first postoperative day, visual 
acuity was counting fingers, and a large 
hyphema (Fig 6) filled about 65% of the 
anterior chamber. Intraocular pressure in- 
ereased.to the high 20s and required the 
administration of timolol for control. As the 
anterior chamber hyphema layered out, an 
endocapsular hematoma was noted. On May 
4, 1990, a small 5% anterior chamber hy- 
_phema (Fig 7) remained, but the endocapsu- 
lar hematoma had not resolved. On June 22, 
1990, the anterior chamber hyphema re- 
solved, but the endocapsular hematoma re- 

-mained unchanged. Visual acuity was 20/60. 
After informed consent, an Nd-YAG laser 
eapsulotomy was performed, draining the 


- - blood into the vitreous cavity with a total of 


29 applications of 1.0 mJ each. The blood 
drained well, and visual acuity improved to 
20/40 (Fig 8). 

CaSE 5.—On October 5, 1990, a 65- 
year-old black diabetic woman underwent 
ECCE, insertion of a PC-IOL, and trabecu- 
lectomy in her left eye. Her preoperative 
visual acuity was 5/200, She had advanced 
chronic open angle glaucoma, diabetic reti- 
nopathy, and optic atrophy due to a previ- 
ous pituitary adenoma that had been 
removed surgically. Her glaucoma was 
uncontrolled despite maximally tolerated 
glaucoma medications and previous argon 
laser trabeculoplasty. On the first postoper- 

< ative day, the anterior chamber was well 
formed, intraocular pressure was 6 mm Hg, 
and visual acuity was counting fingers at 2 
ft. There was a 5% anterior chamber hy- 
phema. During the next week, the hyphema 
cleared. Because of inflammation, the pa- 
tient was treated with atropine sulfate. 
When the pupil dilated, a small endocapsu- 
lar hematoma was noted. The hematoma 
covered the lower 10% of the dilated, 5-mm 
pupil. The blood was still present and un- 
changed 4 weeks postoperatively. 

CASE 6.—A 79-year-old white man was 
referred to one of us (D.E.G.) on October 
21, 1986, for nonresolving postoperative 
endocapsular hematoma. He had been diag- 
nosed as having glaucoma and had under- 

- gone bilateral argon laser iridotomies 5 


<> years previously. In 1984, an ECCE and 


PC-IOL insertion had been performed in his 
left eye. On the first postoperative day, a 
--.80% anterior chamber hyphema was pres- 

“ent. It cleared spontaneously. In July 1986, 
ECCE, insertion of a PC-IOL, and a trabe- 
culectomy were performed in the right eye. 
Preoperative visual acuity was 20/80. The 
incision was superior, 150°, and beveled 
with a 3-mm square scleral flap created for 
the trabeculectomy. Closure was with con- 
tinuous and interrupted 10-0 nylon-sutures. 
<The implant had an anterior optic surface 
that was convex and a posterior optic sur- 
face that was plano. No operative complica- 
tions were encountered. Blood was noted 
- behind the PC-IOL on the fifth postopera- 
tive day and failed to resolve. An attempt 
at Nd-YAG laser capsulotomy was unsuc- 
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eessful and led to his referral. 

The visual acuity was 20/100 OD. An 
endocapsular hematoma covered 70% of the 
pupillary area. The posterior capsule above 
the blood was thick, wrinkled, and fibrotic 
(Fig 9). Although the eye was free of in- 
flammation, there were inflammatory and 
pigmented precipitates on the anterior IOL 
optic and some distortion of the pupil. On 
October 29, 1986, after informed consent 
was obtained, Nd-YAG laser capsulotomy 
was performed without placement of a 
treatment lens. The membrane was difficult 
to cut. Sixty applications with 2.1 to 4.3 mJ 
were needed to open the capsule. The blood 
drained into the vitreous (Fig 10). The 
intraocular pressure did not increase, but 
he was given fluorometholone and timolol. 
One month after capsulotomy, visual acuity 
had improved to 20/25 and intraocular pres- 
sure was normal. The vitreous was clear. 
All topical medications had been stopped. 


COMMENT 


Postoperative anterior chamber 
hemorrhage is not an unusual compli- 
cation of ocular surgery. The clinical 
features and methods of treatment for 
this problem have been extensively 
described." In contrast, the clinical 
characteristics of postoperative endo- 
capsular hematoma and its treatment 
are different from postoperative ante- 
rior chamber hyphema. An extensive 
search has not disclosed a previous 
report of endocapsular hematoma. A 
description and designation as a unique 
entity and as another type of seques- 
tered clinical presentation is appro- 
priate. 

The characteristics of endocapsular 
hematoma that distinguish it from an- 
terior chamber hemorrhage are as fol- 
lows: (1) The blood is located behind 
the PC-IOL within the endocapsular 
space rather than in the anterior cham- 
ber. Endocapsular hematoma is a more 
accurate description than endocapsular 
hyphema. (2) The amount of blood 
causing clinical symptoms is much less 
with endocapsular hematoma than 
with anterior chamber hyphema. (3) 
Endocapsular hematoma may occur 
with or without anterior chamber hem- 
orrhage, and vitreous bleeding is usu- 
ally absent. (4) Endocapsular hemato- 
ma absorbs much more slowly than 
anterior chamber hemorrhage and may 
partially or completely fail to absorb. 
(5) Endocapsular hematoma, because 
of its location, may be drained into the 
vitreous cavity by Nd-YAG laser pos- 
terior capsulotomy. Our cases demon- 
strate these features. The blood was 
accurately localized to the endocapsu- 
lar space behind the PC-IOL with use 
of the slit lamp. The precise amount of 
blood in the endocapsular space could 
not be quantitated. The amount of 
blood was minute compared with the 





amount of blood that would cause simi- 
lar visual disability in the anterior 
chamber. 

Isolation of endocapsular blood from 
the aqueous prolongs its presence. 
Aqueous dilutes blood in the anterior 
chamber and enhances its removal 
through the trabecular meshwork and 
possibly the surface of the iris.” In only 
one of our cases (case 3) did the endo- 
capsular hyphema substantially reab- 
sorb during months of observation. 
Even in this case, blood persists in the 
periphery of the endocapsular space 8 
months after the surgery. In case 2, no 
reabsorption occurred during 2 months 
of observation, but the patient was 
asymptomatic. In case 5, the blood did 
not obscure the visual axis. Only 4 
weeks of follow-up data are available 
on this patient, but reabsorption had 
not occurred. In the remaining cases, 
the endocapsular hematoma persisted 
and caused substantial symptoms. The 
times from occurrence to treatment 
with Nd-YAG laser capsulotomies 
were 6 months in case 1, 3 months in 
case 4, and 3 months in case 6 (mean, 4 
months). 

Case 4 illustrates the different reab- 
sorption rates of an anterior chamber 
hyphema compared with an endocap- 
sular hematoma. A large anterior 
chamber hyphema (60%) completely 
reabsorbed, while a much smaller en- 
docapsular hematoma failed to reab- 
sorb and required laser treatment. 

The location of the blood in the endo- 
capsular space provides the opportuni- 
ty to drain the hematoma into the 
vitreous cavity by means of an Nd- 
YAG laser posterior capsulotomy. The 
amount of blood within the endocapsu- 
lar space was insufficient to cause 
problems when liberated into the vit- 
reous body. In treated cases, no blood 
was observed in the vitreous after Nd- 
YAG laser capsulotomies. There was 
no problem with increased intraocular 
pressure, floaters, or other clinical 
difficulties associated with vitreous 
hemorrhage. 

Neodymium-YAG laser capsulotomy 
to drain the endocapsular hematoma 
was technically easy in one case and 
difficult in the other two. In these 
latter cases, the number of pulses and 
the energy per pulse were considera- 
bly in excess of a standard laser capsu- 
lotomy. A condensing treatment lens 
was not used in any of the cases. These 
cases illustrate that laser capsulotomy 
is a safe and effective treatment for 
nonresolving cases of symptomatic en- 
docapsular hematoma. 

The differentiation of endocapsular 
hematoma from postoperative localized 
endophthalmitis or hypopyon is not 
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Fig 5.—Case 3. Five months after extracapsular cataract ex- 
traction and posterior chamber intraocular lens insertion. a 
small endocapsular hematoma remains outside the visual axis. 
Partial spontaneous reabsorption was observed in this case. 
Laser evacuation was not performed. 





Fig 7.—Case 4. Five weeks postoperatively, a 5% anterior 
chamber hyphema remains. A large endocapsular hematoma 
has not absorbed. 


Fig 9.—Case 6. Preoperative appearance shows a large 70% 
endocapsular hyphema. Above the blood is a whitish layer of 
fluid. The posterior chamber intraocular lens surface is marked 
by pigment, percipitates, and laser marks. 




















Fig 6.—Case 4. On the first postoperative day after extracapsu- 
lar cataract extraction and posterior chamber intraocular lens 
insertion, a 65% anterior chamber hyphema is present. The 
endocapsular space could not be visualized. 





Fig 8.—Case 4. One day after neodymium-YAG laser capsulo- 
tomy and drainage of endocapsular hematoma into the vitreous 
cavity, the visual axis is clear, and laser marks on the posterior 
chamber intraocular lens are faint but visible. 


Fig 10.—Case 6. Immediately after neodymium-YAG laser 
capsulotomy. the visual axis is clear, and some residual blood 
is present inferiorly. The blood later drained completely into the 
vitreous. Laser markings are visible on the implant. The 
oblique, fibrotic strand anterior to the intraocular optic was 
divided with one laser application during treatment. 














difficult. In our cases, the blood was 
visible within the first postoperative 
week. To our knowledge, bleeding has 
not been described in cases of seques- 
tered postoperative endophthalmitis.”* 
Chronic inflammation is an important 
feature of postoperative localized en- 
dophthalmitis; in our cases, however, 
inflammation was no greater than that 
encountered in a typical uncomplicated 
case of ECCE. In all patients with 

-endocapsular hematoma, topical ste- 
roids were tapered during a 4- to 8- 

“week period without recurrence of in- 
flammation. No hypopyon was present 
in the anterior chamber or the endo- 
capsular space. Keratic precipitates, 
corneal haze, striae, edema, and vitre- 
ous opacification were absent. Intra- 
ocular lens precipitates were present 
in case 6. 

The most common source of anterior 
chamber hemorrhage occurring post- 
operatively is the surgical incision.“ 
This is probably the source of endocap- 

` sular blood. The frequency of postop- 
erative hemorrhage increased in the 
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cataract surgery practice of one of us 
(.C.H.) when a technique was adopt- 
ed that employed a long, posterior 
scleral flap to reduce postoperative 
astigmatism. None of our patients was 
being treated with anticoagulants, and 
none used aspirin regularly. No pa- 
tient reported any bleeding diathesis. 

Postoperatively, our attention was 
drawn to the endocapsular hematoma 
because blood was in the pupillary 
space. It is possible that smaller endo- 
capsular hematomas may occur in the 
periphery of the capsular bag, not af- 
fecting vision and thus escaping notice. 
A prevalence of endocapsular hemato- 
ma cannot be estimated from our cur- 
rent experience. 

All of our reported cases had a 
PC-IOL optic configuration of posteri- 
or surface-plano, anterior surface-con- 
vex. The biconvex PC-IOL optic con- 
figuration is reported to lower the 
incidence of posterior capsular opacifi- 
cation.” The biconvex configuration 
might offer advantages in preventing 
endocapsular hematoma or limiting the 
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amount or thickness of the blood layer 
by obliteration of potential space be- 
hind the optic or inhibition: of cellular 
migration. 

Surgeons can reduce the risk of en- 
docapsular hyphema by meticulous at- 
tention to hemostasis, removing blood 
from behind the PC-IOL during sur- 
gery, keeping the incision shorter and 
near the limbus. 

The uveitis-glaucoma-hyphema syn- 
drome, chafing of the iris by the im- 
plant, erosion of a haptic into the cili- 
ary body, or trauma may result in 
endocapsular hematoma. These causes 
were not found in our cases. They 
would be unlikely in the early postop- 
erative period. They might cause endo- 
capsular hematoma months to years 
after ECCE with PC-IOL implanta- 
tion. 
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Impact of Enucleation for Choroidal Melanoma 
on the Performance of Vision-Dependent Activities 


Martin G. Edwards, Andrew P. Schachat, MD 


e We report a functional outcome as- 
sessment of 71 patients who underwent 
enucleation for choroidal melanoma. 
Each was interviewed to evaluate his 
her self-reported ability to perform four 
vision-dependent _activities—working, 
driving, reading, and television view- 
ing--before enucleation and when inter- 
viewed. The interval between enucleation 
and the interview varied between 2 and 
> 25 years. Eighty-seven percent (62/71) 

_feported no change in their ability to 
perform these important vision-depen- 
= dent tasks. At 15 years after enucleation, 
~ 90% (18/20) retained the ability to drive 
-and 96% (25/26) retained the ability to 
read. These results are reassuring for 
those with choroidal melanoma who are 
faced with enucleation, because most of 
-these patients seem likely to continue at 
a- level of visual function comparable 
with their preenucleation status. 
(Arch Ophthalmol. 1991 ;109:519-521) 


Fy) nucleation has long been a stan- 

“dard therapy for choroidal melano- 
ma.' The functional status of the unaf- 
fected eye is one of the many factors 
assessed prior to treating the involved 
eye. It is often assumed that when the 
unaffected eye is apparently healthy, 
the patient will be able to continue to 
function at his or her normal activity 
level following treatment. We report 
the functional outcome in the perfor- 
mance of vision-dependent activities in 
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71 patients who had enucleations for 
choroidal melanoma. Our study was 
designed to evaluate what percentage 
of patients 2 to 25 years after enucle- 
ation are still able to work, drive, 
read, and view television, all of which 
are important vision-dependent activi- 
ties. Standardized interviews were 
conducted; the outcome assessment 
was based on the interview data. 


PATIENTS AND METHODS 


One hundred seven patients who under- 
went enucleation for choroidal melanoma 
between 1965 and 1988 were identified 
through The Johns Hopkins Tumor Regis- 
try (Baltimore, Md). Twenty-seven pa- 
tients were dead, and recent follow-up in- 
formation was unavailable on nine patients 
because of outdated biographical records. 
The remaining 71 patients were contacted 
and interviewed. Investigational review 
board approval was obtained and verbal 
consent was requested at the start of the 
interview. Thirty-three of the patients 
were men and 38 were women; ages ranged 
from 32 to 88 years, with a mean age of 65 
years when interviewed. Thirty-two pa- 
tients underwent enucleation of the right 
eye, and 39 patients underwent enucleation 
of the left eye. The average interval be- 
tween enucleation and the interview was 11 
years. 

The standardized interview was con- 
ducted by one of us (M.G.E.) and was 
designed to evaluate the functional status of 
patients preoperatively and, specifically re- 
garding the performance of vision-depen- 
dent activities. Questions asked included 
the following: (1) employment at the time of 
enucleation, current employment, and rea- 
son for change if applicable; (2) driving 
status at the time of the enucleation, cur- 
rent driving status, reason for change if 
applicable, and need for additional automo- 
bile mirrors; (8) self-reported ability to read 
at the time of the enucleation and currently, 
and if applicable, need for a special magni- 


fying lens or other reading aids; and (4) self- 
reported ability to watch television ‘at the 
time of the enucleation and currently. Pa- 
tients who reported a change in their ability 
to perform one or more of these four vision- 
dependent activities were asked specifically 
if the change was related to a decrease in 
visual function, and if this were so, the 
patients were asked the date at which this 
change occurred. All data were recorded 
on a standard data sheet. 

The control group consisted of 100 per- 
sons accompanying patients to the Wilmer 
Retinal Vascular Center, Baltimore, Md, 
All were binocular. Fifty-one patients were 
men and 49 were women; ages ranged from 
28 to 85 years, with a mean age of 61 years. 
Each patient was asked about employment, 
driving, reading, and television viewing 
status currently and 10 years previously. 
Those who reported a change were asked 
when and why the change occurred and, 
more specifically, if it was related to a 
problem with vision. 


RESULTS 


Of the 71 patients interviewed, 9 
(18%) reported a subjective decrease 
in visual function during the interval 
between enucleation and the interview. 
(2 to 25 years) that altered their abil- 
ity to perform one or more of the 
vision-dependent activities. Sixty-two 
patients (87%) reported either no 
changes in their functional status or 
changes in their functional status for 
other reasons unrelated to Vision. 


Change in Employment Status 


Forty of the 71 patients interviewed 
were employed at the time of the enu- 


cleation; the remaining 31 were retired 


or did not work. Of the 40 who: were 
employed, one (2.5%) stopped working 
at her original job 5 years after enucle- 
ation because of a subjective decrease 
in visual function. Twenty-four of the 
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40 patients who were originally em- 
ployed changed employment status for 
other reasons, (eg, retirement or the 
development of other medical prob- 
lems). 


Change in Driving Status 


Fifty-six of the 71 patients inter- 
viewed were driving at the time of the 
enucleation. Of the 56 who were driv- 
ing, seven patients (12%) no longer 
drive because of a subjective decrease 
in visual function. The interval be- 
tween enucleation and this self-re- 
ported inability to drive varied be- 
tween 1 and 15 years, with a mean of 
9 years (Figure). Two patients stopped 
driving for reasons unrelated to visual 
function. One patient was unable to 
drive at the time of the enucleation 
because of poor vision in the noncan- 
cerous eye. 

Most patients already had one mir- 
ror on each side of the car, and of the 
49 who were still driving when inter- 
viewed, five patients had to add an 
extra side-view or wide-angle rear- 
view mirror to the car. Four of these 
patients had undergone enucleation of 
the right eye; one patient had under- 
gone enucleation of the left eye. 


Change in Reading Status 


One hundred percent of the patients 
interviewed were able to read without 
the use of special aids at the time of the 
enucleation. During the follow-up in- 
terval, four patients (6%) experienced 
a subjective decrease in visual function 
that altered their ability to read. The 
interval between enucleation and their 
self-reported change in reading status 
varied between 2 and 15 years, with a 
mean of 9 years (Figure). Three of 
these individuals were still able to read 
with a magnifying lens; one patient 
was unable to read at all. 


Change in Television Viewing Status 


One hundred percent of the patients 
were able to watch television when 
interviewed. During the follow-up in- 
terval, one patient (1.4%) could no 
longer view television 7 years after 
enucleation because of a subjective de- 
crease in visual function. This same 
individual was retired, unable to read 
at all, and unable to drive at the time 
of the enucleation because of poor vi- 
sion in the noncancerous eye. 


Control Group 


Of the 100 persons interviewed, one 
(1%) reported a subjective decrease in 
visual function occurring 7 years prior 
that altered his ability to drive. One 
hundred percent were able to read and 
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watch television when interviewed and 
10 years previously. Thirty-nine per- 
sons were currently employed; the re- 
mainder were retired or did not work. 
Thirty-seven persons had changed em- 
ployment status within the last 10 
years for reasons unrelated to vision. 


COMMENT 


This study suggests that 87% of our 
patients (62 patients) who underwent 
enucleation for choroidal melanoma 2 
to 25 years previously retain enough 
functional vision in the remaining eye 
to report no change in their ability to 
perform important vision-dependent 
activities, such as working, driving, 
reading, and viewing television. At 15 
years after enucleation, 90% (18/20) 
retained the ability to drive, and 96% 
(25/26) retained the ability to read. Of 
the 71 patients interviewed, only 2.5% 
(two) changed work status and 1.4% 
(one) changed television viewing sta- 
tus because of problems with vision. 

In our control group of 100 persons 
accompanying patients to the Retinal 
Vascular Center, 100% reported that 
their ability to read and view television 
was unchanged during the past 10 
years. None changed work status be- 
cause of a problem with vision. One 
patient (1%) experienced a change in 
vision that limited his ability to drive. 

We selected a binocular control 
group as the question of interest re- 
lated to the functional capabilities of 
binocular vs monocular patients. We 


faced several obstacles in finding an 
appropriate monocular control group 
for our study. Most age-matched con- 
trols have two eyes rather than one 
and thus are inappropriate for compar- 
ison with our case group. Most uniocu- 
lar patients have suffered trauma and 
tend to be younger or have undergone 
enucleation for an eye disease that 
tends to be bilateral, such as end-stage 
glaucoma, diabetes, or retinal detach- 
ment. Two-eyed patients with one 
blind eye could have been selected as 
monocular controls. However, many of 
these patients will still have some re- 
sidual vision in the blind eye and many 
will have diseases that tend to be 
bilateral, which certainly could alter 
visual function. We decided to inter- 
view adults who accompanied patients 
to the Retinal Vascular Center. All 
control patients were binocular. There 
is potential selection bias in this group, 
as many may have accompanied pa- 
tients to The Wilmer Eye Institute 
because of their ability to drive and 
thus bring the patient to the hospital. 
Few studies in the ophthalmology 
literature address the functional out- 
come of ophthalmic procedures or ther- 
apy. Visual functioning in aphakie pa- 
tients and the functional outcome after 
cataract surgery with intraocular lens 
implantation have been reported.” 
Applegate and colleagues’ conducted 
a prospective study of 293 patients 
aged 70 years or older to evaluate the 
effect of cataract surgery with lens 
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= implantation on. vision and physical 


function: At 1-year postoperatively, 
the number of patients who reported 
they could drive a car increased from 
21% to 34%, and the number who 
--Yeported they could read a newspaper 

increased from 62% to 68%. 

The- functional outcome following 
enucleation is dependent, among other 
things; on the level of visual function 
at the time of enucleation and subse- 


-- quently the vision loss rate for the 


remaining eye. To our knowledge, vi- 
-sual loss rates during a given interval 
in uniocular patients or in a normal 
binocular population have not been re- 


“- ported. Visual acuity has been mea- 


‘sured at 20/35 or better (in the better 
eye) in 96% of persons aged 65 to 74 
years, an age comparable with the 
median age at diagnosis of patients 
~ -with choroidal melanoma, in the Fra- 
~“mingham Eye Study.’ The follow-up 
>: Framingham study should give data on 
vision loss rates experienced over the 
follow-up interval in this population. 

Our study is a simple functional out- 
come assessment. We chose to assess a 
patient’s self-reported ability to per- 
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‘form these four basic tasks because 


this “information. is readily available 
and provides a reasonable index of the 
patients visual funetion at the time of 
enucleation and at the follow-up inter- 
view. However, it is possible that 
many 65- to 70-year-old individuals no 
longer work, drive, read. or watch 
television even if they do have good 
vision. These activities are not solely 
dependent on vision, but they are also 
dependent on mental status, physical 
health, economic status, and social 
status. 

The recommendation for enucleation 
was made by the original attending 
ophthalmologist. There is likely selec- 
tion bias toward overrepresentation of 
healthy fellow eyes in our study group, 
as those patients with disease in the 
noncancerous eye might preferentially 
have nonenucleation therapy recom- 
mended. 

The optimal treatment of patients 
with choroidal melanoma is not set- 
tled.’ Enucleation may lead to better 
survival than alternative therapies. If 
enucleation is shown to be preferable 
or if the tumor is too large to consider 
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nonenucleation therapies, itis reassur- 
ing for patients to know that they very 
likely will be able to continue at a 
comparable level of. -visual function 
with only their remaining eye: 


The Johns Hopkins Tumor Registry and Gladys 
Tucker contributed to this study: -` ; 
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Color Doppler Imaging 


A New Noninvasive Technique to Diagnose and 
Monitor Carotid Cavernous Sinus Fistulas 





Patrick M. Flaharty, MD; Wolfgang E. Lieb, MD; Robert C. Sergott, MD; Thomas M. Bosley, MD; Peter J. Savino, MD 


è Color Doppler imaging is a recent 
development in ultrasonography that al- 
lows for simultaneous two-dimensional 
structural imaging and Doppler evalua- 
tion of blood flow. With this technique, 
one patient with a traumatic carotid cav- 
ernous sinus fistula and two patients 
with spontaneous dural cavernous arte- 
riovenous malformations were evalu- 
- ated. Color Doppler imaging demon- 
strated a dilated superior ophthalmic 
vein with arterialized blood fiow in all 
three patients. In two cases the diagno- 
sis was confirmed by angiography, and 
in one of these cases the fistula was 
occluded with a detachable balloon cath- 
eter. Postembolization color Doppler im- 
aging revealed return of normal venous 
flow in the superior ophthalmic vein. This 
technique offers a noninvasive means to 
confirm the clinical diagnosis and to 
`. track the hemodynamics of these arterio- 
venous fistulas. In certain cases, color 
Doppler imaging may eliminate the need 
for computed tomography and magnetic 
resonance imaging in the evaluation of 
- $uspected arteriovenous malformations 
of the orbit. 

(Arch Ophthalmol. 1991 ;109:522-526) 


= olor Doppler imaging (CDD is a 

~ recent advance in diagnostic imag- 

ing for the study of vascular disorders 
and represents an alternative to inva- 


~~ give vascular studies, such as venogra- 
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phy and arteriography. Color Dopp- 
ler imaging allows for color-encoded 
blood flow data of a vascular structure 
to be displayed simultaneously on a 
conventional real-time gray-scale B- 
mode image. In conventional B-mode 
imaging, the amplitudes of returning 
echoes are converted into a two-dimen- 
sional image, and frequency shifts of 
moving acoustic reflectors are ignored. 


See also pp 527, 532, 537, and 582. 





With CDI, the ultrasound signal is 
detected and analyzed in real time for 
changes in echo amplitude, frequency, 
and phase shift. The results are dis- 
played as a composite image of two- 
dimensional gray scale with super- 
imposed color-encoded blood flow 
information. Frequency shifts repre- 
senting blood flow toward the trans- 
ducer are coded in red, while those 
representing blood flow away from the 
transducer are coded in blue. Quantita- 
tive blood flow velocity information is 
obtained by pulsed Doppler spectral 
analysis, using color information to 
choose the blood vessel of interest. 
Erickson et al’ described the use of 
CDI in the normal orbit and in the 
evaluation of seven patients with 
pathologic conditions in the orbit. 
Among their cases they presented a 
thrombosis of the superior ophthalmic 
vein (SOV) and a presumed dural cav- 
ernous arteriovenous malformation 
(DCAVM). Other authers have demon- 
strated vascularity in intraocular tu- 
mors’ and orbital lesions.*” This report 
describes CDI in the evaluation of one 


patient with a traumatic, high-blood- 
flow carotid cavernous sinus fistula 
(CCSF) and two patients with sponta- 
neous, low-blood-flow DCAVMs. 


METHODS 


The QAD one-color Doppler unit (Quan- 
tum Medical Systems Ine, Issaquah, Wash) 
was used in this study, with 7.5-MHz lin- 
ear-phased transducers. The estimated in 
situ peak temporal average intensity in the 
color imaging mode (provided by Quantum 
Medical Systems) is 16 mW/em’ for the 7.5- 
MHz transducer. When spectral analysis is 
performed, the in situ peak temporal aver- 
age intensity is approximately 71 mW/em’. 
This power exceeds the suggested limit of 
17 mW/em’ recommended by the Food and 
Drug Administration but falls well below 
the 100-mW/cm’ safety limit established by 
the American Institute of Ultrasound in 
Medicine. The study was approved by the 
internal review board of Thomas Jefferson 
University, Philadelphia, Pa, and informed 
consent was obtained from the patients. 


REPORT OF CASES 


CASE 1.—A 46-year-old black man pre- 
sented with a l-week history of redness and 
swelling of the right eye. His ophthalmic 
history was normal; however, his medical 
history was significant for a seizure disor- 
der as a result of severe head trauma from a 
baseball bat 2 years prior to this examina- 
tion. His best corrected visual acuity was 
20/50 OD and 20/25 OS. There was moder- 
ate swelling of the right upper and lower 
eyelids, with 3 mm of right axial proptosis 
and mild restriction of extraocular motility 
in the right eye in all directions of gaze. 
Pupils were 4 mm and were equally reac- 
tive to light, with no relative afferent pupil- 
lary defect. Intraocular pressures (LOPs) 
were 15 mm Hg OD and 16 mm Hg OS. Slit- 
lamp examination revealed mild injection of 
the episcleral blood vessels in the right eye. 
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Fig 1.—Left, Markedly proptotic right eye and edema of t 








episcleral blood vessels are visible superiorly. 


Results of dilated funduscopic examination 
were normal. 

Four days later, visual acuity decreased 
to 20/200 OD with more pronounced upper 
and lower eyelid swelling, prominent con- 
junetival chemosis, arterialized episcleral 
blood vessels (Fig 1), 8 mm of axial propto- 
sis, and a 50% reduction in ocular motility in 
all directions of gaze. A right relative affer- 
ent pupillary defect was now present, and 
the IOP had increased to 34 mm Hg OD. A 
bruit was heard on auscultation over the 
right orbit. Color Doppler imaging revealed 
a marked increase in vascularity within the 
edematous eyelids caused by massive arte- 
riovenous shunting (Fig 2). The globe ap- 
peared normal, as did the central retinal 
artery anc vein. The extraocular muscles 
were swollen, but the optic nerve shadow 
appeared normal. Superior to the optic 
nerve, a prominent, dilated vascular struc- 
ture was identified and traced posteriorly to 
the orbital apex (Fig 3). Spectrum analysis 
revealed high-velocity arterialized flow 
through this low-resistance blood vessel, 
characteristic of the SOV. Doppler signals 
from the ophthalmic artery were seen pos- 
terior to this blood vessel and demonstrated 
normal! arterial flow with high peak systolic 
velocity (Fig 3). Computed tomographic 
and magnetic resonance imaging scans con- 
firmed the CDI findings. 

The patient was admitted for treatment 
of his IOP, and pulse intravenous corticos- 
teriods were administered to reduce perior- 
bital congestion. The IOP was controlled in 
the mid-20s with timolol maleate, 0.5% in 
the right eye twice daily, and acetazola- 
mide, 500 mg orally twice daily. In spite of 
3 days of intravenous methylprednisolone 
sodium succinate therapy (250 mg every 6 
hours for 12 doses), his visual acuity re- 
mained 20/200 OD. 

Highly selective carotid angiography (Fig 
4) revealed a high-blood-flow fistula be- 
tween the intracavernous portion of the 
internal carotid artery and the cavernous 
sinus, with a dilated, arterialized SOV. The 
patient underwent detachable balloon em- 
bolization of the fistula without complica- 
tion. Two weeks after embolization the 
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visual acuity improved to 20/40 OD, and the 
IOP improved to 14 mm Hg OD. Maderate 
ptosis persisted as a result of swelling in the 
right upper eyelid, and extraocular motility 
remained restricted in all directions of gaze. 

Repeated CDI (Fig 5) demonstrated res- 
olution of the previously dilated, arterial- 
ized preseptal vascular channels. The extra- 
ocular muscles were slightly enlarged and 
the SOV was still slightly distended, but 
the blood flow, as examined by spectrum 
analysis, was now directed away from the 
transducer and had a continuous, low-am- 
plitude character. The wave form of the 
ophthalmic artery remained unchanged. 

CASE 2.—A 51-year-old woman pre- 
sented with a complaint of constant redness 
and mild pain in the right eve of several 
months’ duration. She denied any history of 
trauma. The best corrected visual acuity 
was 20/20 OU. External examination re- 
vealed fullness of the right upper eyelid, 
with 3 mm of axial proptosis on that side. 
Extraocular motility was normal. Pupils 
were briskly reactive to ight, with no rela- 
tive afferent pupillary defect. Slit-lamp bio- 
microscopy was significant for dilated epi- 
scleral blood vessels on the right. The IOP 
was 16 mm Hg OD and 13 mm Hg OS. 
Results of gonioscopic and dilated fundusco- 
pic examinations were normal. 

Color Doppler imaging revealed a di- 
lated, arterialized SOV in the right orbit, 
with blood flow toward the transducer (Fig 
6). Reversal of blood flow was also clearly 
evident in the supraorbital and supratroch- 
lear veins anteriorly. There was mild swell- 
ing of the orbital soft tissues. A computed 
tomographic sean confirmed the presence of 
an enlarged SOV. Due to her mild symp- 
toms, no further testing was performed, 
and the patient was followed up without 
treatment. 

CASE 3.—A 65-year-old woman devel- 
oped pulsatile tinnitus and transient epi- 
sodes of horizontal diplopia as a result of 
first a left and then a right sixth cranial 
nerve palsy. Ocular examination revealed a 
best corrected visual acuity of 20/30 OU. 
Bilateral orbital bruits were present, with 
2 mm of axial proptosis on the right. Pupils 
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he right upper eyelid. Right, Dilated, arterialized, corkscrew 


were briskly reactive to light, with no rela- 
tive afferent pupillary defect. There was 
mild limitation of abduction of the right eye, 
with dilated, tortuous episcleral blood ves- 
sels. The IOP was 28 mm Hg OD and 
18 mm Hg OS. Results of slit-lamp and 
funduscopic examinations were otherwise 
normal. 

Cerebral arteriography demonstrated 
multiple lacelike vascular channels shunting 
blood from the internal maxillary arteries 
into the sphenopalatine venous plexus bilat- 
erally. The SOVs were prominent bilateral- 
ly, with early filling of the right SOV. Color 
Doppler imaging demonstrated a dilated, 
arterialized SOV on the right, with reversal 
of blood flow (Fig 7, left). The left SOV 
appeared enlarged, but without blood flow 
reversal (Fig 7, right). Treatment was 
started with timolol maleate, 0.5% in the 
right eye twice daily. Her IOP remained in 
the low 20s, and her clinical findings were 
unchanged. 

COMMENT 

Various diagnostic modalities have 
been used to evaluate CCSF and 
DCAVM, including A- and B-scan ul- 
trasonography,”” orbital and cranial 
computed tomography, "7 magnetic 
resonance imaging,” carotid angiogra- 
phy,” and orbital venography.” In 
patient 1, CDI clearly demonstrated 
the dilated, arterialized SOV with 
high-velocity blood flow toward the 
transducer, indicative of a CCSF (Fig 
2). Color Doppler imaging further de- 
picted the dilated preseptal high- 
blood-flow shunts (Fig 2) and the 
thickened extraocular muscles charac- 
teristic of this entity. The technique 
was also successfully used 2 weeks 
after embolization to verify occlusion 
of the fistula (Fig 5) in spite of persis- 
tent clinical signs. In the past, angiog- 
raphy or magnetic resonance imaging 
was needed to determine whether the 
abnormal shunt was still functionally 
significant. 
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Fig 3.— Spectrum analysis shows the arterialized superior ophthalmic vein (SOV, 
cursor, at left), with a low-resistance blood flow pattern characteristic of a vein, 
compared with the high peak systolic velocity in the ophthalmic artery (OA, cursor, at 
right). 





Fig 2.—Color Doppler image of the right orbit. The 
grossly dilated superior ophthalmic vein (SOV) is 
coded in red (blood flow toward the transducer}. Note 
the marked increase in vascularity in the edematous 
eyelids anteriorly, 


Fig 4.—Carotid angiography (left) reveals communication between the internal carotid artery and the cavernous sinus, 
with a distended superior ophthalmic vein (arrow). After embolization (right), the arteriovenous shunt is occluded (arrow), 
and the superior ophthalmic vein is no longer filed with contrast material. 
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Fig 6.—Color Doppler imaging demonstrates the dilated superior ophthalmic 
vein (SUP. OPHTH. VEIN), with blood flow reversal in this presumed dural 
cavernous arteriovenous malformation. The dilated, arterialized supraorbital and 
supratrochlear (STV) veins are seen anteriorly. The velocity. of blood flow in the 
superior ophthalmic vein is much lower than in patient 1 (Fig 3, at left). 





Fig 5.—Color Doppler imaging after embolization reveals 
persistent dilatation of the superior ophthalmic vein 


(SOV), but nonpulsatile venous flow is now directed away 


from the transducer and is therefore coded blue. Spec- 
trum analysis (at bottom) confirms the characteristic ve- 


nous flow pattern. OA indicates ophthalmic artery. 





Fig 7.—Left, Color Doppler imaging demonstrates a dilated, arterialized superior ophthalmic vein (SOV), with blood flow 
reversal in the right orbit. Right, Evaluation of the left orbit reveals minimal dilation of the SOV, without blood flow reversal. 


In patient 2, CDI again demonstrat- 
ed a dilated, arterialized SOV (Fig 6). 
The insidious onset of redness and 
discomfort in this 55-year-old woman 
suggests a diagnosis of spontaneous 
DCAVM. These shunts usually have a 
lower blood flow than direct CCSF, 
and a comparison of the spectrum anal- 
ysis in these two cases confirmed this 
(compare Fig 3, left, with Fig 6). In 
spite of the lower blood flow, CDI still 
clearly demonstrated the dilated SOV 
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with blood flow reversal, confirming 
the presence of the fistula. 

In patient 3, CDI again revealed a 
dilated, arterialized SOV with blood 
flow reversal in a patient with angio- 
graphic evidence of a low-blood-flow 
DCAVM. In this case, cerebral arteri- 
ography demonstrated shunts from 
branches of both internal maxillary 
arteries into the sphenopalatine ve- 
nous plexus, with prominent SOVs bi- 
laterally. In contrast, CDI showed 


blood flow reversal only in the right 
SOV (Fig 7, left), with minimal dilation 
of the left SOV (Fig 7, right), correlat- 
ing well with the clinical findings, 
which were confined to the right eye 
and orbit. Although arteriography re- 
mains the “gold standard” for evaluat- 
ing the specific anatomy of these vas- 
cular anomalies, CDI is clearly capable 
of demonstrating the hemodynamic 
changes in the orbital vasculature that 
result from these fistulas. 
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<- Compared with other diagnostic mo- 
dalities, CDI offers several advan- 
tages. (1) It is noninvasive and does 
> not require contrast material. (2) It 
< maybe performed quickly and inex- 
pensively, making feasible serial stud- 
ies to assess the. progression of both 
treated and. untreated fistulas. (3) It 
provides specific topographic informa- 
tion on. the orbital vasculature in a 
dynamic, real-time setting, making it 
uniquely ‘suited for assessing orbital 

: -vascular anomalies. 

Several other diagnostic modalities 
have been used to assess the orbital 
-- Vasculature, but each has shortcom- 
ings. Duplex scanning without color 
information can detect blood flow in 
larger blood. vessels under two-dimen- 
< sional B-sean control; however, the 
- diameters of most blood vessels in the 
--orbit. are below B-scan resolution. In 
high-blood-flow CCSF, the dilated 
SOV is usually quite large, and regular 
B-scan ultrasonography*” and duplex 
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scanning” can therefore be used. In 


low-blood-flow fistulas, however, these 
modalities may fail to detect. the vascu- 
lar anomalies. Color Doppler imaging 
is preferable to. standard A- and B-scan 
ultrasonography because A and B 
scans fail to demonstrate reversed and 
arterialized blood flow and are also 
unable to depict minimally dilated 
SOVs. The value of conventional 
Doppler ultrasound and ocular plethys- 
mography for the diagnosis and man- 
agement of CCSF and DCAVM has 
been recognized by several authors, ®” 
but the inability of these techniques to 
image blood vessels and surrounding 
orbital structures makes them less at- 
tractive than CDI. 

In summary, we believe CDI offers 
several advantages over computed to- 
mography and magnetic resonance im- 
aging in the evaluation ef suspected 
arteriovenous malformations of the or- 
bit; it is fast, dynamic, and cost-effec- 
tive. In displaying color-encoded blood 
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flow information on.a two-dimensional 
B-mode image, it provides specific to- 
pographic information on the orbital 
vasculature not ‘available in other 
forms of ultrasonography. Color Dopp- 
ler imaging also provides a convenient 
way to track the natural history and 
response to treatment of these vascu- 
lar anomalies. Although CDI will not 
eliminate the need for carotid angiog- 
raphy prior to embolization therapy, it 
represents a valuable adjunctive imag- 
ing technique for the topographic and 
functional evaluation of vascular fistu- 
las of the orbit. 
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Color Doppler Imaging of the Eye and Orbit 


Technique and Normal Vascular Anatomy 


Wolfgang E. Lieb, MD; Steven M. Cohen, MD; Daniel A. Merton; Jerry A. Shields, MD; 
Donald G. Mitchell, MD; Barry B. Goldberg, MD 


e Color Doppler imaging is a recent 
advance in ultrasonography that allows 
simultaneous two-dimensional imaging 
of structure and blood flow to be per- 
formed. Doppler information is superim- 
posed in color over a conventional gray- 
scale ultrasound image. Using this 
technique, we examined 40 normal eyes. 
The. central retinal artery, posterior cili- 
ary arteries, ophthalmic artery, and cen- 

=o tral retinal vein could be located in all 
patients. Using the color image as a 
-< guide, Doppler spectral analysis allows 
_ quantitative assessment of blood flow 
~ velocity in these vessels. Color Doppler 
imaging is a new modality for the study 
of ocular and orbital hemodynamics. 
(Arch Ophthalmol. 1991;109:527-531) 


eal time A-mode and B-mode ultra- 
sonography has been used for the 
diagnostic evaluation of ophthalmic 
disorders since the early 1960s."* Mod- 
ern digital high-resolution equipment 
has improved diagnostic imaging and 
made it an essential part of ophthalmo- 
logic evaluations. Ultrasonography is 
“youtinely used today for display, dif- 
ferentiation, and measurement of in- 


“<traocular and orbital tumors and tu- 


morlike lesions, detection of retinal 
detachments in eyes with opaque me- 
dia, axial-length measurements for cal- 
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culation of intraocular lens power, and 
evaluation of traumatic injuries to the 
globe and orbit. In addition, ultrasono- 
graphy is useful to detect and diagnose 
optic nerve lesions such as optic nerve 
sheath meningiomas, inflammatory flu- 
id collection in the nerve sheath, and 
orbital tumors or inflammatory con- 
ditions. 





See aiso pp 522, 532, 537, and 582. 





Doppler ultrasound is a method of 
detecting changes in the frequency of 
sound reflected from flowing blood, 
allowing estimation of flow velocity. 
Conventional continuous-wave Dopp- 
ler ultrasonography of the carotid ar- 
teries and the periorbital vessels is 
frequently employed in patients with 
ischemic ocular disease, and has also 
been used to evaluate the ophthalmic 
artery.” The technology of Duplex 
scanning allows simultaneous B-mode 
imaging and Doppler evaluation to be 
performed. Since the lumina of the 
vessels in the eye and orbit are too 
small to be imaged with conventional 
Duplex seans, Doppler spectra are ob- 
tained without precise localization and 
without knowledge of the Doppler an- 
gle. To facilitate localization and as- 
sessment of the Doppler angle, the 
two-dimensional flow information in 
color Doppler imaging (CDI) is en- 
coded in color and superimposed on the 
gray-scale image of the structure.*” 

Color Doppler imaging is currently 
being used in echocardiography,’ for 
evaluation of peripheral arterial and 
venous disease, for evaluation of the 
vascular pattern of the genitourinary 
system,” and in the normal and patho- 


logic state of abdominal organ -perfu- : 
sion. One major application is the ex- 


amination of the extracranial vessels. 
supplying the central nervous system, = 
ie, the carotid and vertebral arter- -= 


X uz 
? 


je and the qualitative and quarti- 
tative analysis of neonatal intracranial 
vasculature." This modality provides 
the advantage of rapid orientation and 
provides an “anatomic” display by de- 
picting Doppler shifts throughout the... 
entire image. 

There are only limited reports.in the 
literature of applications of CDI-in the 
study of the eye and orbit. Canning = _ 
and Restori” applied this technique to 
quantify rectus-muscle movement dur= 


ing voluntary saccades. Laser Doppler = 


studies were performed for the retinal- 
vessels by Riva et al” and duplex- 
Doppler has also been used to demon- 
strate flow in intraocular tumors" and 
to evaluate the central retinal artery. 
(CRA), central retinal vein (CRV) and. 
ophthalmic artery.“” We have report- 
ed the value of CDI in the noninvasive 
diagnosis of an orbital varix” andin 


the diagnosis of cavernous sinus fistu- 


las and intraocular tumors. (W.E.L. 
and P. M. Flaharty, MD, unpublished: 
data, 1990). Recently, Erickson et.al? 
described their experience using CDI 
in the normal orbit and in the evalua- 
tion of seven patients with pathologie 
conditions in the orbit. a 

We herein outline our technique of- 


using CDI to visualize the normal vas- 


cular system of the eye and orbit, and 


discuss our initial experience examin- = 
ing 40 normal eyes, the preliminary °~ 


results, and indications for future po- 
tential applications of this new imaging 
mode. 
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PATIENTS AND METHODS 


All examinations were performed with a 
color Doppler unit (QAD I, Quantum Medi- 
cal Systems Inc, Issaquah, Wash) using a 
7.5-MHz linear phased array transducer. 
The estimated in situ peak temporal aver- 
age (SPTA) intensity at 4.2-em depth in the 
color imaging mode (provided by Quantum 
Medical Systems) is 7 mW/em’ for the 7.5- 
MHz transducer. When spectrum analysis 
is performed, the SPTA intensity is approx- 
imately 71 mW/em”. In the spectrum analy- 
sis mode, the SPTA intensity exceeds the 
limits suggested by current Food and Drug 
Administration guidelines for ophthalmic 
application of 17 mW/em*, but is lower than 
those given in the ultrasound safety guide- 
lines of the American Institute for Ultra- 
sound in Medicine.” The study was ap- 
proved by the institutional review board of 
the Thomas Jefferson University Hospital 
(Philadelphia, Pa) and standardized in- 
formed consent was obtained from all sub- 
jects examined. Doppler spectral analysis 
lasted approximately 45 seconds per eye. 

The ultrasound transducer was applied to 
the closed eyelids using sterile ophthalmic 
methylcellulose as a coupling gel. During 
the examination, the patient was in a supine 
position and care was taken not to apply 
pressure to the eye to avoid artifacts. Hori- 
zontal and vertical scans through the eye 
and orbit were performed. Depending on 
the direction of flow with respect to the 
transducer, the blood flow data are dis- 
played in either red or blue. The colors can 
be arbitrarily assigned but, in this study, 
flew toward the transducer is depicted as 
red and away from the transducer as blue. 
The color saturation in the image repre- 
sents the average frequency (first moment 
average) from a spectral analysis performed 
at each sample site. These frequencies can 
be turned into velocities by solving the 
Doppler equation for velocity. 

When examining the eye and orbit 
through the eyelids, the ultrasound beam is 
essentially parallel to the orbital and ocular 
vessels; thus, most arterial flow is depicted 
in red. Arteries can usually be distin- 
guished from veins by noting their pulsati- 
lity. Pulsed Doppler spectral analysis also 
helped to distinguish between pulsatile ar- 
terial flow and the usually more continuous 
or minimally pulsatile venous flow, and 
allowed for the quantification of data. When 
the ultrasound beam was at an angle of 90° 
to a vascular structure or if a vessel con- 
tained only stagnant blood, no Doppler flow 
information was obtained and the structure 
was shown in gray-seale display only. 

All examinations were performed in a 
“low” or “medium” flow setting to allow for 
optimal detection of low to medium Doppler 
frequency shifts of the slow-flowing blood in 
the small orbital vessels. For the ophthal- 
mic artery, medium to high flow settings 
were applied since flow in this vessel is 
faster. Color threshold levels were adjusted 
to minimize artifacts by lid and involuntary 
eye movements. To obtain Doppler spectra, 
a sample volume of approximately 0.2 x 0.2 
mm was chosen within the vessel. The 
proximal and distal portions of the vessel 
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were imaged to facilitate determination of 
the Doppler flow angle for estimation of 
velocity. The scan images were digitally 
recorded on videotape and later reviewed 
with the benefit of cine-loop and frame-by- 
frame analysis of selected segments. Im- 
ages were photographed during cine-leop 
replay of the recording by using a 35-mm 
camera that photographed directly from an 
isolated on-board color monitor. The dura- 
tion of the examination rangec from 10 to 20 
minutes. 

Using the above-described technique, we 
examined 10 healthy volunteers on two 
separate occasions and the normal eyes of 
30 patients with intraocular tamors in their 
other eyes. Our study population was as 
follows: 18 men and 12 women; mean age 
(+SD), 45.34+ 16.3 years (range, 20 to 76 
years). None of the patients or the volun- 
teers had a history of ocular or systemic 
vascular disease or any clinieally evident 
vascular anomaly in the examined eye and 
orbit. 


RESULTS 


A horizontal scan through the globe 
and orbit at the level of the optic nerve 
allows the depiction of the CRA, and 
CRV (Fig 1). The CRA and accompa- 
nying CRV can be seen within the 
anterior 2 mm of the optic nerve shad- 
ow. The CRA can be traced up to 
where it enters the optic nerve approx- 
imately 13 mm behind the optic disc 
(Fig 2). 

Differentiation of the CRV is quite 
easy, not only through color coding as 
a blue structure but also by its Doppler 
spectral characteristics, ie, its continu- 
ous flow throughout systole and diasto- 
le. Color information alone can some- 
times be misleading since vessel loops 
may simulate flow away from the 
probe and thus be coded as blue. In 
this case, the pulsatility of the arteri- 
ole clearly distinguishes it from the 
usually nonpulsatile vein. On either 
side of the optic nerve slightly posteri- 
or to the CRA, the short and long 
posterior ciliary arteries can be identi- 
fied (Fig 1). These vessels and the 
CRA have pulsatility similar te the 
ophthalmic artery, differing mainly by 
the maximum of the systolic velocity 
(Fig 3). In some sections continuous 
with the central retinal vessels, the 
flow in the retinal arteriolar vessels 
could be demonstrated; however, sepa- 
rate branches of the retinal arteriolar 
system could not be resolved. At the 
level of the retinal vessels, the venous 
flow is so low that it usually cannot be 
detected. However, we were able to 
depict some of the vortex veins in 
several cases. The blood flow in the 
choroid and retina could net always be 
distinguished unless a retinal detach- 
ment was present, allowing the retinal 
vessels to be identified in the normally 





Mean + SD Blood Flow, 
cm/s (Range) 
10.3 + 2.1 
(6.4-17.2) 
—2.9 + 0.73 





Centrai retinal 


artery 
Central retinal 
vein (1.9-5.4) 


Ophthalmic 
artery 

Posterior ciliary 
artery 


31.4 + 4.2 
(23.5-39.8) 
12.4 + 4.8 
(1.4-22.7) 


echo-free vitreous cavity. The Doppler 
spectrum of the posterior ciliary arter- 
ies showed velocity-time spectra very 
similar to those of the CRA. The end 
diastolic flow in the posterior ciliary 


Fig 1.—A horizontal scan through the globe 
shows the central retinal artery (CRA) and 
accompanying vein within the anterior portion 
of the optic nerve shadow. In the same plane 
on both sides of the optic nerve (N), Doppler 
shifts within the short posterior ciliary arteries 
(PCA) can be demonstrated. 


Fig 2.—The central retinal artery (CRA) can 
be traced posteriorly where it enters the optic 
nerve (N) approximately 13 mm behind the 
disc (arrow). 


Fig 3.—Doppler spectrum  (velocity-time 
curve) of the central retinal artery (CRA). The 
Doppler angle “A” can be corrected by align- 
ment of a cursor in the vessel. The angle 
correction allows assessment of the velocity 
of blood flow in these vessels. The central 
retinal vein (CRV) runs parallel to the CRA in 
this section. 


Fig 4.—The ophthalmic artery (OPHT ART) 
can be traced deeper into the orbit and can be 
localized in the majority of patients slightly 
lateral to the optic nerve (N) as it enters the 
orbit. Further anteriorly it crosses over the 
optic nerve to divide into its nasal branches. 


Fig 5.—Spectrum analysis of the ophthalmic 
artery (OA) in a medium flow setting. Note the 
high, steep maximum systolic peak. In the 
two-dimensional image the portions of the 
ophthalmic artery nasal to the optic nerve (N) 
coming toward the transducer could be easily 
identified. The horizontal portion between the 
two segments of the ophthalmic artery was 
not imaged. Since in the horizontal segment 
the Doppler angle is 90°, no Doppler shift was 
seen. 


Fig 6.— Superior ophthalmic vein (SOV) with 
flow away from the transducer and therefore 
encoded in blue. In addition to these big ves- 
sels, pulsatile arterial and continuous venous 
flow inside the eye was seen, most likely rep- 
resenting venous flow in the vortex veins 
draining into the superior ophthalmic vein. 


Fig 7.—Spectrum analysis of the superior 
ophthalmic vein demonstrates the character- 
istic continuous, nonpulsatile venous flow. 


Color Doppler imaging —Lieb et al 


1474 HZ 


ORG. 


f POM +1306 SPECT sain iat 
Eo E H 
§ 





Arch Ophthalmol—Vol 109, April 1994 Color Doppler Imaging—Lieb etal 529 














arteries was, however, higher, reflect- 
ing the low-resistance vascular chan- 
nels of the choroid. 

Deeper into the orbit, sections of the 
main ophthalmic artery could be seen 
in cross section. The ophthalmic artery 
was traced temporally to the nerve 
posteriorly, then traveling anteriorly 
and nasally where several branches 
may be depicted (Fig 4). Hayreh and 
Dass” and Hayreh” have shown in a 
large series of cadaver dissections that 
there is considerable variability in the 
course of the ophthalmic artery and its 
branches. In their series, the crossing 
of the ophthalmic artery over the optic 
nerve in the midorbit was a common 
finding (80% of cases).** The crossing 
of the ophthalmic artery over the optic 
nerve could be demonstrated by CDI 
in all our subjects. The flow-velocity 
waveform is similar to that of the 
internal carotid artery, showing a 
steep maximum systolic peak, often a 
dicrotie notch, and low diastolic flow 
velocity (Fig 5). The supraorbital ar- 
tery could be identified when angling 
the ultrasound transducer more supe- 
riorly and anteriorly. In the superior 
nasal orbit, we identified the superior 
ophthalmic vein (Fig 6) fed by the 
vortex veins and running posteriorly, 
crossing the optic nerve. The Doppler 
spectrum with the continuous, nonpul- 
satile flow pattern is characteristic of 
venous flow (Fig 7). 

Flow velocity measurements of the 
CRA (Fig 3) and posterior ciliary ar- 
teries were obtained as a baseline for 


farther evaluations in patients with 


ocular and orbital vascular disease. In 


the 10 healthy young individuals, the 


peak systolic velocities were measured 


Inthe CRAs and ophthalmic artery in 


both eyes after angle correction on two 
different occasions. The CRA was 
identified within the anterior optic 


nerve portion slightly posterior to it 


entering the globe. The ophthalmic 
artery was identified during its course 
< parallel to the optic nerve. In both 
< vessels a preset sample volume was 
placed after the Doppler angle was 
estimated using the angle-correction 


menu of the unit and placing a cursor 


along the course of the vessel of inter- 
‘est. Mean peak systolic velocities in 
the CRA ranged from 6.4 em/s to 17.2 


© -em/s, with a mean (+ SD) of 10.3+2.1 


em/s..The mean (+SD) peak systolic 
velocity in the ophthalmic artery was 


3144+42 cm/s and in the posterior 


-<dilary arteries was 12.4+4.8 cm/s 
(Table) No significant difference was 
noted between right and left eyes or 
between male and female subjects. In 
the group of normal subjects with 
paired observations, on two oceasions 
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a paired t test was performed for all 
variables and no statistically signifi- 
cant difference was seen between the 
first and second measurements. 


COMMENT 


Color Doppler imaging combines 
both anatomic and velocity data and 
displays the information in a format 
that can be easily comprehended. 
Blood-flow velocity information can be 
obtained quantitatively within the en- 
tire two-dimensional gray-scale image. 
This has revolutionized noninvasive 
vascular imaging techniques, and in 
many areas of medicine, the role of this 
new technique is well established.” 
Color Doppler imaging is being used in 
other medical specialties to examine 
the heart,” the large abdominal and 
thoracic vessels," the vasculature in 
the male genitalia,” peripheral limb 
vessels, and the extracranial and intra- 
cranial vasculature.”* Recently, the 
importance of this examination for ana- 
tomic delineation and functional disor- 
ders in the cerebrovascular system in 
newborns has been stressed. ™”™ A 
recent report demonstrated CDIs of 
two presumed orbital varices, one su- 
perior ophthalmic vein thrombosis, 
and an orbital arteriovenous maiforma- 
tion.” The authors concentrated on the 
topographic display of the vascular 
structures in 26 normal orbits and 
demonstrated CRA, CRV, the superi- 
or ophthalmic vein, and ophthalmic 
artery. 

In the present study, CDI was able 
to localize small vessels in the eye, the 
orbit, and the optic nerve (ig 1, 
expanding on the recent observations 
by Erickson and associates.” Using 
low-flow settings and appropriate 
threshold, we were able to detect flow 
in the retinal vessels as well. Although 
this technique cannot distinguish the 
separate portions of the arteriolar bed, 
we could see what represents a sum- 
mation of these vessels. It ean be 
clearly distinguished from flow in the 
posterior ciliary arteries and the large 
vascular channels of the choroid that 
they supply. Differentiation between 
the short and long posterior ciliary 
arteries and distinction among them 
has so far not been possible in our 
hands. 

Color Doppler imaging allows, for 
the first time, reproducible neninva- 
sive imaging and selective Doppler in- 
formation of orbital vessels. At pre- 
sent, it is not likely that CDI will allow 
blood volume measurements, since di- 
ameters of the vessels cannot be accu- 
rately assessed. The analysis of selec- 
tively obtained Doppler spectra from 
the different vessels, ie, CRA, CRV, 


and the posterior ciliary arteries and 
branches of the ophthalmic artery, 
might allow some insight into the he- 
modynamics of the eye and its supply- 
ing vessels. We demonstrated that this 
technique allows accurate measure- 
ment of flow velocities in the CRA and 
ophthalmic artery. Our values corre- 
spond to the values found by Berger et 
al” using duplex scanning. They are 
higher than the flow velocities found 
by Riva et al” in the branch retinal 
arteries and veins using laser Doppler 
velocimetry. However, our findings 
for the maximum systolic flow velocity 
in the CRA are similar to the results of 
Feke et al,” who also used laser Dopp- 
ler velocimetry to assess blood flow in 
the retinal arterioles. In addition to 
measuring the velocities, the analysis 
of the waveforms provides information 
about the vessel and the vascular sys- 
tem proximal and distal to it. Com- 
pared with the CRA, the spectrum of 
the posterior ciliary vessels showed a 
slightly higher systolic velocity and 
also a higher end diastolic velocity 
indicating a low-resistance vascular 
system distal to the sample area. 

Inaccuracies in our quantitative 
measurements can arise from errors in 
interpreting our Doppler-shifted fre- 
quency spectrum and in measuring the 
Doppler angle. Feke et al” have re- 
ported their estimate of uncertainty 
associated with their individual mea- 
surements of the maximum systolic 
velocity to be about 18% using laser 
velocimetry. This is the range of error 
seen in most studies reporting Doppler 
flow data. 

As in any new imaging technique, 
the safety of pulsed Doppler ultra- 
sound is of concern. Color Doppler 
imaging involves only slightly higher 
ultrasound exposure than conventional 
B-mode examination. However, when 
spectral analysis is performed, higher 
pulsed Doppler energy is used. In con- 
trast to conventional Doppler, howev- 
er, the more accurate localization of 
the structure to be analyzed with CDI 
significantly reduces the exposure 
time. At the SPTA intensity levels 
used for our examinations, to our 
knowledge, no known adverse effects 
have been seen.” Although at the in- 
tensity levels used in our study, no 
bioeffects have been found, the expo- 
sure time to higher levels of pulsed 
Doppler during spectrum analysis 
should be kept to a minimum. 

Lizzi et al” studied the bioeffects of 
ultrasound in the eyes of rabbits. Due 
to their interest in therapeutic applica- 
tions of ultrasound, they looked at the 
effects of very high ultrasound ener- 
gies to the eye and they were able to 
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produce minimal choroidal lesions at 

= power outputs of approximately 100 

-Wiem’. This is several orders of magni- 

tude more than the power output used 
in our. study. 

Our results suggest that CDI might 

~have several promising applications in 


“ophthalmology. Further studies are 


under way to investigate its usefulness 
in evaluating arteriolar and venous oc- 
-elusive disease of the eye, vascularity 
patterns in intraocular and orbital tu- 
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mors, and orbital vascular malforma- 
tions. If quantitative assessment of 
blood-flow velocities and waveform 
analysis in the CRA, some of the pos- 
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number of ocular diseases, thereby 
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Doppler Ultrasonography of the 
Ophthalmic and Central Retinal Vessels 


Rudolf F. Guthoff, MD; Roland W. Berger, MD; Peter Winkler, MD; Knut Helmke, MD; Lee C. Chumbley, MD 


è B-Scan—guided, pulsed Doppler ul- 
trasonography of central retinal ves- 
sels and ophthalmic arteries of 72 nor- 
mai subjects gave the following average 
peak flow velocities: central retinal ar- 
tery, 9.5+3.1 cm/s; central retinal vein, 
§.7+1.5 cm/s; and ophthalmic artery, 
31.6 + 9.0 cm/s. Doppler shifts in the cen- 
tral retinal vessels were absent at intra- 
ocular pressures above 80 mm Hg. Oph- 
thalmic artery systolic, middiastolic, and 
end-diastolic velocities significantly de- 
> clined as a function of age. The tech- 
nique is independent of the status of the 
ocular media, is noninvasive, requires 
little time, and causes minimal discom- 
fort. 

{Arch Ophthalmol. 1991;109:532-536) 


Thre basic problem in studying the 

physiology of the retinal and oph- 
thalmic circulation in healthy and dis- 
eased eyes is in obtaining accuraie, 
reliable, and relevant clinical informa- 
tion. about these blood vessels with 





See also pp 522, 527, 537, and 582. 





<: minimal discomfort, inconvenience, ex- 


pense, and risk. The Doppler phenom- 
enon, based on the principle that phys- 
ceal waves such as light and sound 


< change frequency when an emitting 


source and a receiving sensor move 
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with respect to each other, offers 
promise as a way of clinically studying 
vascular function. Doppler shift of la- 
ser light waves has been utilized for 
the study of branch retinal vessels." 

Recent advances have combined 
Doppler shift of ultrasound waves with 
gray-scale technology (duplex Dopp- 
ler). The combination is now consid- 
ered indispensable for sonegraphic ex- 
amination of the heart and is the 
primary noninvasive technique used 
for study of the cerebrovascular sys- 
tem. We employed B-scan-guided 
pulsed-Doppler ultrasonography to in- 
vestigate the ophthalmic and central 
retinal vessels. This report presents 
our results obtained in normal indi- 
viduals. 


SUBJECTS AND METHODS 


There were two groups in the study: (1) a 
pilot group of 10 normal, healthy volunteers 
in which the relationship between artificial- 
ly elevated intraocular pressure (IOP) and 
central retinal vascular velocity measures 
was investigated; and (2) 72 patients with 
normal eye examination resuits in whom 
Doppler evaluation of the central retinal 
vessels and ophthalmic arteries (OAs) was 
performed (group 1 subjects also partici- 
pated in the group 2 study, but not vice 
versa). Brachial arterial pressare and IOP 
were measured in all subjects, For both 
groups, legal requirements governing con- 
sent were met. 

Doppler ultrasound is based ən the princi- 
ple that physical waves emanating from a 
moving body change frequeney depending 
on the direction and velocity of movement 
of the body. One sends ou: ultrasound 
waves of known frequency and-analyzes the 
ultrasound waves reflected back from the 
tissue for frequency shifts. Red blood cells 
are the main moving reflectors responsible 
for the Doppler shifts detected. Maximum 
Doppler shift is present when the angle 
between transmitted beam and vessel axis 





is 0°, although the frequency shift is re- 
duced only about 5% up to an angle of 
incidence of 20°. For studying smaller ves- 
sels, it is necessary to use a low wall filter 
setting. 

An ATL-Ultramark 8 Duplex Scanner 
(Advanced Technical Laboratories—Scienti- 
fie Medical Systems Co, Bothell, Wash) 
with a mechanical sector probe was used for 
the studies. A nominal imaging frequency of 
7.5 MHz, a transmitted Doppler frequency 
of 5 MHz, and a wall filter setting of 50 Hz 
were utilized in each case. An Acuson color 
duplex scanner (Acuson Co, Mountain 
View, Calif) with similar settings was em- 
ployed for color Doppler studies in some 
patients. 

To examine the OA, the sample volume 
(time segment along the transmitted beam 
chosen for analysis) was oriented nasally 
and superior to the optic nerve just lateral 
to and abutting on the visible hyporeflective 
stripe representing the nerve (Fig 1, top). 
The 5-mm sample volume marker lay about 
25 mm posterior to the globe. Strong sig- 
nals were routinely detectable at this site. 
The instrument displayed Doppler frequen- 
cies (which are proportional te particle ve- 
locity) as centimeters per second on the y 
axis with time in seconds plotted on the æ 
axis (Color Fig 1, top, and Fig 2). 

To examine the central retinal vessels, 
the B-scan image of the optic nerve was 
used to localize the area of the optic dise. 
The sample volume was adjusted to a pulse 
length of 1.5 mm and was placed with its 
center about 3 mm behind the disc surface 
(Fig 1, bottom). The angle between vessels 
and sound beam under these circumstances 
could be easily kept below 20° using the 
hyporeflective optic nerve tissue as a land- 
mark for identification of the central retinal 
vessels. The probe position was adjusted 
until the examining beam was parallel to 
and essentially overlapped the optic nerve. 
Care was taken to obtain simultaneous 
high-quality flow velocity vs time curves of 
the central retinal artery (CRA) and vein 
(CRV) (Color Fig 1, bottom, and Fig 2). 

The IOP was elevated artificially in a 
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stepwise manner to a maximum of about 80 
mm Hg. An Ulrich oculo-oscillodynamom- 
eter (Bouke Co, Tuebingen, Federal Re- 
public of Germany) suction cup was applied’ 
tothe temporal sclera and the IOP raised in 
ascending sequence. The IOP was mea- 
sured using a hand-held Draeger applana- 
tion tonometer (Mueller Co, Wedel, Feder- 
‘al Republic of Germany). Blood velocity 
was measured about 10 to 20 seconds after 
changing IOP. The examiner knew the IOP 
at the time of blood velocity measurement 
(Pig 3). 

To avoid the inclusion of short ciliary 
arteries into the central retinal vessel sam- 
ple volumes, the tracings of the central 
retinal vessels were evaluated only if arteri- 
al and venous flow velocity waveforms 
could be recorded simultaneously (Color 
Fig 1, bottom, and Fig 2). The signal com- 
“ing from the CRA can be easily separated 
from the signal coming from the CRV be- 
cause of the directional nature of the Dopp- 
ler signals and the characteristic waveform 
differences. Ultrasound conductive gel was 
applied generously to the external surface 
of the eyelids, and care was taken to exert 
as little transducer pressure as possible on 
the closed eyelids. Color Doppler applica- 
tion simplifies identification of vessels and 
their orientation (Color Fig 2). 

Ten consecutive cardiac cycles of 10 sec- 
onds of Fast-Fourier-transformed frequen- 
cy spectra were evaluated, and only the 
envelope of the flow velocity (frequency) 
spectrum was assessed for the following 
variables. (1) For arteries, we measured 
systolic, middiastolic, and end-diastolic 
peak velocities; time average maximum ve- 
locity (that is, the area under the velocity 
eiurve divided by the corresponding time 
interval); and pulse frequeney.” (2) For 
veins, we measured maximum, minimum, 
and time-averaged velocity curve, shape of 
the velocity curve, and frequency of pulsa- 
tion (wher present). 















RESULTS 
IOP and CRA Velocity 


Figure 3 shows a typical set of veloc- 
ity curves using suction cup dynamom- 
etry. Systolic, middiastolic, and end- 
diastolic peak velocities in the CRA 
progressively diminished in response 
to artificially elevated IOP. At artifi- 
cially raised IOPs of 60 mm Hg, we 
sometimes measured systolic peak ve- 
locities. of 8 to 10 cm/s. The pressure 
level at which one could no longer 
record a CRA Doppler shift varied 
from subject to subject and lay be- 
tween 60 and 86 mm Hg. A Doppler 
shift could not be obtained in any case 
in which the IOP was greater than 80 
mm Hg. Absence of the Doppler signal 
correlated clinically with a suddenly 
occurring blackout of vision. 


< Blood Velocity Values in OA and 
Central Retinal Vessels in Normal Eyes 


For the eyes of the 72 persons with 
normal ophthalmic examination re- 
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Fig 1.—Top, B-Scan showing sample volume position (white rectangle) for ophthalmic artery. 
measurements. Bottom, B-Scan sample volume position (white rectangle) for Doppler ultrason- 
ography of central retinal vessels. Note relationship to the nerve. 


Fig 2.—Tracings of ophthalmic artery (above) show initial steep systolic velocity rise, notched: 
“incisure” in middownslope. Tracings of retinal vessels (below} show less steep central retinal 
artery (CRA) systolic velocity rise with lag (lower arrows) between CRA systolic peak and 
subsequent characteristic central retinal vein (CRV) “pulse” peak. Only such curves were 
accepted. 
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sults, the average of peak systolic 
flow velocities for the CRA was 
9,5£3.1 cm/s; for the CRV, 5.7+1.5 
cm/s; and for the OA, 31.6+9.0 cm/s. 
Middiastolic velocity values for the 
CRA were 4.4+2,0 cm/s, and for the 
OA, 11.2+4.5 em/s. End-diastolic ve- 
©: locity results were as follows: CRA, 
= 3,141.6 em/s; CRV, 4.0+1.0 cm/s; and 
OA, 8.2+3.7 cm/s. The time-averaged 
maximum velocity values obtained 
were as follows: CRA, 5.7+2.0 
em/s; CRV, 4.9+1.2 cm/s; and OA, 
15.9+5.3 cm/s. There was no sta- 
tistically. significant correlation be- 
-tween these measures and the IOP or 
the systolic brachial artery blood 
“pressure (average IOP, 15.4+3.7 mm 
Hg: brachial artery blood pressure, 
151.42 29.7/87.3 = 15.1 mm Hg). 
~The systolie (P<.05), middiastclic 
-(P<.01), and end-diastolic (P<.01) 
“peak flow velocities in the OA signifi- 
cantly declined with increasing age 
of the patient (Fig 4). The ratio of 
systolic peak velocity to end-diastolic 
peak velocity rose both as a function 
of age and also as a function of the 
ratio of systolic to diastolic blood 
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to the right. 
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pressure (Fig 5). 

The ratio of systolic peak velocity to 
end-diastolic velocity rose as a function 
of age and of the systolie-diastolic ratio 
(Fig 6). 

In an attempt to estimate reproduc- 
ibility and intraobserver variability of 
CRA and OA blood velocity measure- 
ments by this method, the examination 
procedure was repeated for each ves- 
sel de novo 10 times during a single 
examination session. The results are 
shown in Fig 7. 


COMMENT 





The examination procecure for B- 
scan-guided pulsed Doppler (Duplex) 
ultrasonography of ophthalmic and 
central retinal vessels caused minimal 
discomfort to the patient. After some 
experience, it required about 10 min- 
utes to carry out. 

The Doppler effect is angle depen- 
dent. It is possible to approach ideal 
conditions (0° angle of ineidence) for 
the central retinal vessels by carefully 
adjusting beam direction. When one 
attempts to minimize angle of inci- 
dence for the OA by going more poste- 





ems Color Fig 1.~Top, Ophthalmic artery velocity curve (below), corre- 
taal sponding to Fig 1, top. Color Doppler (upper right) displays vessel 
™ between markers. Bottom, Central retinal arterial (above baseline) 
and venous (below baseline) velocity curves, corresponding to Fig 1, 
bottom. Vessels are between markers in color Doppler. 


Color Fig 2.—Coior Doppler scan. Central retinal artery (red) and vein 
(blue} are parallel to each other within optic nerve. Posterior ciliary 
artery is to the right outside of the nerve. Retinal arteriole is above and 


CB-INVERT 


cr-i sze 





riorly, bony structures interfere with 
tracing quality. The highest-velocity, 
best-quality curve for each vessel was 
chosen for analysis and reported as 
though it were obtained under ideal 
conditions. Without being able to spec- 
ify the angle of incidence, however, 
one is not in a position to make final 
accuracy adjustments for the OA 
curves. Color-coded B-scan Doppler 
instruments are able to display the 
vessel structure itself and may obviate 
this problem (Color Figs 1 and 2). 

In 72 normal subjects, Duplex scan- 
ning revealed a systolic maximum ve- 
locity for the CRA of 9.53.1 cm/s. 
This result agrees with that reported 
by Feke and coworkers’ for a temporal 
retinal arteriole of one normal subject 
(10.9+2.0 cm/s) using laser velocim- 
etry. Riva and coworkers’ found slow- 
er velocities in branch superior retinal 
arterioles (2 to 4 cm/s) using laser 
velocimetry, as did Dollery’ using 
high-speed cinematography after ca- 
rotid artery injection of fluorescein in 
monkeys. Grunwald and coworkers,” 
using laser Doppler velocimetry, ob- 
tained blood velocity values averaged 
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: ~-Central retinal velocity vs time curve with increasing artificial 
_ elevation of intraocular pressure (IOP) (suction cup dynamometry), 
- showing progressive diminution of velocity with increasing IOP (ab- 
-sent altogether at IOP of 80 mm Hg). 
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Fig 4:—Age of healthy subjects vs systolic (top), middiastolic (center), 
== and end-diastolic (bottom) ophthalmic artery (OA) velocities. Regres- 
_ sion lines indicate decline with age. For systolic velocities, P<.05, 

f= — 947; for middiastolic, P<.01, r= —.308; and for end-diastolic, 

P<.01,r= ~— .0B5. 
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Fig 5,—Ratio of systolic peak velocity to end-diastolic peak velocity in ophthalmic artery (OA) vs age (left) and vs the 
systolic-diastolic blood pressure (BP) ratio (right). For age, r= .130; for systolic-diastolic BP ratio, r= .254. 


over the cardiac cycle in normal retinal CRA. Using fluorescein angiography 
s of 2.9+0.9 cm/s, which is and digitalized image analysis, Wolf 

alf (as would be expected) the and coworkers” reported arterial flow 

eraged velocity. values. of velocities of about. 0.6 enys in patients 

m/s that we obtained for the with norma! eyes, whereas Preussner 
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and Richard,” 


of a normal subject. 


Using Doppler ultrasound, ‘Canning ae 
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using: the same tech- a 
nique, found values in the range of 0.5: 
to 1.6 em/s in branch retinal arterioles 
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Fig 6. —Ratio of systolic peak velocity to end-diastolic peak velocity ir central retinal artery (CRA) vs age (left) and vs the 
systolic-diastolic blood pressure (BP) ratio (right). For age, r = .166; forsystolic-diastolic BP ratio, r= .363. 
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Fig 7.—Scatter of repeated blood velocity 
measurements for a single central retinal ar- 
tery (CRA) and ophthalmic artery (OA) during 
a single examination session. Individual mea- 
surements are shown with means and SDs. 
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and Restori” documented a higher 
time-averaged velocity in a normal vol- 
unteer’s OA when lying (about 20 cm/s) 
than when sitting or standing (about 
12 cm/s) Ophthalmic artery time- 
averaged maximum velocities for two 
subjects were 13 and 16 em/s, similar 
to our results (15.9+5.3 cm/s). 

We found an average systolic maxi- 
mal velocity in the OA cf 31.6+9.0 
em/s. This agrees well with the find- 
ings of Michelson and coworkers,” who 
reported a normal value of 33+5 cm/s 
using Doppler ultrasonography with a 
transmitted frequency of 4 MHz. 
These workers also found, as did we 
(Fig 4), that maximal velocity declines 
progressively as a function of advanc- 
ing age. We found that the ratio of 
systolic peak velocity to end-diastolic 
peak velocity rose as a function of age 
and also of the systolic-diastolic blood 
pressure ratio (Fig 6). Grunwald et al,” 
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using laser Doppler velocimetry, have 
shown that the systolic-diastolic veloci- 
ty ratio in retinal arteries increases 
with age in normal subjects but proba- 
bly not in diabetics. 

Possibilities for future study using 
B-sean ultrasonography with Doppler 
frequency analysis include CRA and 
CRV occlusive disease, the influence of 
systemic diseases such as diabetes and 
hypertension on the orbital and ocular 
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and carotid and dural cavernous sinus 
fistulas. 
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Doppler Ultrasonography of Malignant Melanomas 


: of the Uvea 


o Rudolf F. Guthoff, MD; Roland W. Berger, MD; Peter Winkler, MD; Knut Helmke, MD; Lee C. Chumbley, MD 


+ Doppier shifts were detected using 
duplex and color Doppler scanning in 41 
of 42 patients with malignant melanomas 
of the uvea. Mean maximum tumor sys- 
tolic velocity was 18.8+7.6 cm/s. Time- 
averaged maximum velocity in the tumor 
vessels was 12.3+5.3 cm/s. Maximum 
tumor velocity increased in four of eight 
tumors. and was unchanged or had di- 
minished in the other four 2 to 3 days 
after ruthenium plaque irradiation. Dopp- 
< ler-shifts were undetectable in three tu- 
-= mors, markedly reduced in three tumors, 
-= and unchanged in one tumor 1 to 4 

months after treatment. We detected 
» minimal non-pulse-synchronized Dopp- 
‘ler shifts in one of three tumors, and no 

shifts in the remaining two tumors 11/2 to 
‘4 years after therapy. Color duplex scan- 
ning allowed a rapid overview of tumor 
vasculature and facilitated study of indi- 
vidual vessels. 

(Arch Ophthalmol. 1991;109:537-541) 


Conservative therapy of malignant 
melanomas of the uvea necessitates 
improved methods of assessing these 


-tumors before and after treatment. 


_ The vasculature of malignant mela- 

-nomas of the uvea plays a role in the 
response to conservative treatment. 
~ Better perfused tissue is more radio- 
sensitive than poorly perfused (less 
well oxygenated) tissue.’ Conversely, 
poorly perfused tissue is more sensi- 
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tive to hyperthermic injury than bet- 
ter perfused (more efficiently cooled) 
tissue.” 

Fluorescein angiography and A-scan 
ultrasonography are now used to eval- 
uate vasculature of malignant melano- 
mas of the uvea. These techniques, 
however, may not permit evaluation of 
all tumor vessels or quantitative analy- 
sis of hemodynamics. 





See also pp 522, 527, 532, and 582. 





Recent advances in ultrasound tech- 
nology permit gray-scale and Doppler 
scans to be combined (duplex Doppler 
scans). Color Doppler scans produce 
color-coded images of moving blood 
superimposed on a gray-scale back- 
ground of constantly updated anatomic 
information. Duplex or color Doppler 
scans are now considered indispens- 
able for sonographic examination of 
the heart. Duplex Doppler scans also 
have become an important noninvasive 
technique for examination of the cere- 
brovascular system.” 

Attempts have been made to im- 
prove conventional ophthalmologic ul- 
trasound systems.** Current duplex 
and coler Doppler instruments now 
permit evaluation of small vessels. We 
used duplex and color Doppler scans to 
investigate tumor blood vessels in pa- 
tients with posterior malignant mela- 
noma of the uvea before and after 
treatment with ruthenium 106 plaque 
irradiation. 


PATIENTS AND METHODS 


The diagnosis of malignant melanoma’ of 
the uvea was made in all patients by clinical 
examination, fluorescein angiography, and 
conventional ultrasonography. The last meth- 


od also was used to measure tumor volumes,” - 
The Doppler phenomenon is based onthe. 


principle that physical waves such as light’ 


and sound waves change frequency when 
the emitting source and the receiving sen- 

sor are in motion with respect to each 
other. When the source and sensor move 
toward each other, the received frequency 
becomes higher. The increase in frequency 
is greater when the source approaches at 
increasing velocities. When source and sen- 
sor move away from each other, the incom- - 
ing frequency becomes lower. The decrease 
in frequency is greater with corresponding- 


ly faster movement away from the departe = 
ing source. In duplex Doppler scans, ultra- 
sonographic waves of known frequency are: 
sent out from the examining probe through = - 


the tissues. Some of these transmitted- ül > 
trasonic waves are reflected from the. tiss: 
sues and are detected by a sensor in the 


examining probe. Red blood cells moving in S : 
blood vessels in the sample volume “refleet” 


some of the transmitted ultrasound waves, 


and thus act as scattering particles produc) 


ing frequency changes that are either high- 


er/plus (vascular flow toward the examining = 


probe) or lower/minus (vascular flow. away 


from the probe) than the transmitted fre 


quency. The magnitude of change in both. 
cases depends on the movement velocity. 

Because the probe position is stationary, 

any change in frequency between transmit- 

ted and received ultrasound waves is due to 

movement of the erythrocytes. The fre- 

quency shift is largest when the angle of 
incidence of the transmitted beam with 

respect to the vessel chosen for study is 0°, 

although the signal is reduced by only about 

5%, to an angle of incidence of 20°. 

A duplex Doppler seanner (ATL-Ultra- 
mark 8, Advanced Technical Laborator- 
ies/Scientific Medical Systems, Bothell, 
Wash) with 7.5-MHz imaging frequency, 5- 
MHz Doppler transmission frequency, and 
50-Hz wall filter was used. A color Duplex 
scanner (Acuson Co, Mountain View, Calif) | 
with similar settings was employed for color 
Doppler studies, 

The tumors were scanned with a-long 
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Fig 1.—A tear-shaped sample volume (white) 
results from shortening the searching sample 
volume (pale gray) in the choroidal melanoma 
(dark gray, double arrows), 





Calor Fig 1.—Color Doppler ultrasonogram of a choroidal melanoma. 
Tumor vessels appear red (upper right). Velocity curve (below) of 
vessel between markers (upper right) shows a smooth, rounded, 
systolic upswing profile and gradual diastolic dropoff. Flow persists 


throughout the diastole. 





Doppler beam. When pulsating signals 
were received, the length ef the sample 
volume (the region of sharply focused, 
transmitted waves) was shortened to local- 
ize the iIntratumor vascular signals (Fig 1). 
Doppler frequencies are proportional to 
velocity. Both instruments display them as 
velocity in centimeters per second on the y 
axis and time in seconds on the # axis, For 
each tumor, the curve with the maximal 
Doppler shift was analyzed. We used color 
Doppler seanning to identify tumor vessels 
and specify the angle betweer the transmit- 
ting beam and the vessel axis (Color Fig 1). 
The fast-Fourier-transformed frequency 
spectra of the chosen tumor vessel were 
evaluated during 10 consecutive cardiac cy- 
cles or 10 seconds’ duration. The envelope 
of the flow velocity (frequeacy) spectrum 
was assessed for systolic, mic-diastolic, and 














end-diastolic peak velocities, and for time- 
averaged maximum velocity Ge, the area 
under the velocity curve divided by the 
corresponding time interval)” Average 
analysis time for fast-Fourier~transformed 
waveform studies was 5 milliseconds, with a 
pulsed repetition frequency of 3 to 4 kHz. 
The space peak time average for the instru- 
ments was 94 mW/em*. Energy levels of 
250 mW/enř per 5 minutes have been shown 
harmless to ocular tissue. The energy 
threshold at which cataract can be produced 
is 400000 mW/em’, The average energy 
intensity used in diagnosis is about 5 to 50 
mW/em’.” Color coding reduces the amount 
of energy needed. Nevertheless, one should 
remain mindful of the effects of ultrasound 
energy from duplex scanners and keep ex- 
posure levels and time of examination to a 
minimum. 


Color Fig 3.—Left, Color Doppler ultrasonogram of a choroidal mela- 
nome. The chain of red dots indicates the course of a tumor vessel. 
Right, The same section without ultrasonography shows a stripe cf low 
reflectivity (arrow to dark line) that may represent a tumor vessel. 


Color Fig 2.—Left, Doppler scan of a choroidal melanoma. Right, Sketch of a choroidal melanoma. Note tumor 
vessels (TU), central retinal artery (CRA), ophthalmic artery (OA), iacrimal artery (LA) in lacrimal gland, and vascular 
arcade lid (VAL), which appears red in the ultrasonogram. 
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RESULTS 


Tumor vessels in 42 patients with 
unilateral malignant melanoma of the 
uvea were examined. 

Doppler shifts were detected in all 
but one of the neoplasms before treat- 
ment. The sizes of the tumors varied 
from 80 to 1500 mm’. The tumor shown 
to þe negative with Doppler ultra- 
sonographic examination was small 
(180 mm’). It included the ciliary body, 
was resected locally, and was proved 
histologically to be a melanoma with 
tumor vessels. 

¿The average maximal systolic blood 
velocity from the tumor vessels of 41 
melanomas was 18.8=+7.6 cm/sec. The 
time-averaged maximum velocity of 
<the tumor vessels was 12.325.3 
-em/see. Neither peak nor time-aver- 





aged velocities showed statistically 
significant correlations with tumor 
volume. 


Tn one patient, a melanoma had per- 
forated the sclera and invaded the 
muscle cone. Tumor growth had in- 
duced a secondary glaucoma with an 
intraocular pressure of 45 mm Hg. 
Peak flow velocities of the compressed 
intraocular vs the uncompressed ex- 
traocular tumor segments in this pa- 
tient showed marked differences, the 
former measuring 40% of the latter 
(Fig 2). 

To estimate reproducibility of these 
results and intraobserver variability of 
“tumor blood velocity measurements by 


Case No., 
__ Examination Time 





1, Before treatment 
Immediately after treatment 

2, Before treatment 
immediately after treatment 
i mo after treatment 


Tumor 
Thickness, 


Anterior to 


Posterior 
Diameter, Location of 


Melanoma 


Systolic 
Ves CM/S 





PP 





PP 





3, Before treatment 
immediately after treatment 

4, Before treatment 
immediately after treatment 


_12 mo after treatment 





5, Before treatment 
immediately after treatment 














6, Before treatment 
immediately after treatment 
2 mo after treatment 








signal 





7, Betore treatment 
immediately atter treatment 


20 
9 





8, Before treatment 
immediately after treatment 


3 
13 





9, Before treatment 

4 mo after treatment 
10, Before treatment 

4 mo after treatment 
11, Before treatment 

5 mo after treatment _ 


10 
signal 





14 
signal 





8 
signal 





12, Before treatment 
1% mo after treatment 
4 mo after treatment 





13, Before treatment 
4 mo after treatment 


8 
12 
10 








10 
Decreased signal 





14, 4 y after treatment 


No signal 





15, 4 y after treatment 


No signal 





uncompressed extraocular (bottom left) tumor segment. 


Arch Ophthalmol —Vol 109, April 1991 





Fig 2.—Choroidal melanoma with extrascleral invasion of muscle cone (intraocular pressure, 45 
mm Hg). Velocity curves of tumor vessels from intraocular (1, with arrowhead) and extraocular 
(E) tumor segments show lower velocities in a compressed intraocular (top left) than in 





Barely detectable signal 








Fig 3.—Blood velocity measurements. in a 
single tumor during one examination session. 
Measurements are shown as means + SDs. 
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this method, the examination was re- 
peated several times during a single 
session for a single tumor, The results 
are shown in Fig 3. 

Twenty-three patients were treated 
with ruthenium plaque §-irradiation. 
Follow-up Doppler examinations were 
performed 2 to 3 days after plaque 
removal in eight of these 23 patients, 1 
to 4 months after treatment in seven 
patients, and P to 4 years after treat- 
ment in three patients. The Table sum- 
marizes their clinical data. Among the 
eight patients examined 2 to 3 days 
after plaque removal, four tumors 
showed an increase in systolic velocity, 
and four had unchanged to slightly 
diminished flow velocities. The aver- 
age velocity was higher than pretreat- 
ment levels. 

Tumor volume decreased in all pa- 
tients 2 to 10 months after initiation of 
follow-up. Of the seven patients exam- 
ined 1 to 4 months after treatment and 
in whom residual tumors were still 
present, three had no demonstrable 
Doppler signal, three had markedly 
reduced signals, and one showed no 
change from pretreatment findings. Of 
the three patients examined 1% to 4 
years after treatment, one had a bare- 
ly perceptible biphasic signal not syn- 
chronized with the pulse, and the other 
two had no demonstrable Doppler sig- 
nal. In some cases, the Doppler signal 
was absent despite residual volumes of 
between 150 and 400 mm’ (Fig 4). 


COMMENT 








Doppler signals were detected in 41 
of 42 malignant melanomas of the 
uvea, and vivid images of tumor ves- 
sels were obtained with color Doppler 
scanning. Blood flow velocities in tu- 
mor vessels were slower than in nor- 
mal ophthalmic arteries, yet faster 
than in normal central retinal arter- 
ies.” Maximum velocity increased im- 
mediately after initiation of local 
plaque irradiation therapy with ruthe- 
nium 106. Doppler shifts of the tums 
then decreased or disappeared alto- 
gether, despite sizable persistent re- 
sidual tumors (Fig 4). 

Fluorescein angiography and A-scan 
ultrasonography are the two conven- 
tional methods used to evaluate tumor 
vasculature, Fluorescein angiography 
depends on clear refractive media and 
may not display tumor vessels. Su- 
perficial, prominently engorged ves- 
sels in tumors that have broken 
through Bruch’s membrane are some- 
times seen. Retinal pigment epithelial 
staining can sometimes cause hyper- 
fluorescence rather than dye leak- 
age from tumor vasculature.” Hyper- 
fluorescence often is not present in 
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Fig 4.— Duplex scan before (left) and 5 months after (right) ruthenium treatment of posterior pole 
melanoma. No Doppler shift was detected in the residual tumor after treatment. Note increased 


internal tumor reflectivity after radiation. 


smaller tumors. In other cases, filter 
effects due to lipofuscin hemorrhage or 
necrosis may further prevent direct 
viewing of tumor vessels. 

A-scan ultrasonography does not re- 
quire clear refractive media, but it also 
gives no information abcut vascular 
topography. A-scan detection of tumor 
vessels takes place when a low-ampli- 
tude, fast, flickering motion occurs in 
the internal tumor spikes.” This tech- 
nique may not find small, low-flow, 
vascular nests in large, treated tu- 
mors. 

Duplex Doppler scanning refines the 
evaluation of tumor vessels, It re- 
quires neither clear refractive media 
nor intravenous injections. It causes 
minimal discomfort and takes about 10 
minutes to perform. Color Doppler 
scanning provides in vive cross sec- 
tions of the vascular topography of 
tumors in real time (Color Pigs 2 and 
3). Both methods allow at least semi- 
quantitative hemodynamic analysis of 
individual vessels. 

Quantitative results of duplex Dopp- 
ler scanning require cautious interpre- 
tation. Because the angle of incidence 
is unknown in Doppler ultrasonog- 
raphy, the numerical values produced 
are not absolutely reliable. We used 
the highest value obtained for each 
tumor for the comparisons. Presence 
or absence of duplex Doppler shift is 
clinically more reliable than numerical 
values. Color Doppler scanning obvi- 
ates this problem by allowing direct 
observation of the angle of incidence. 

The Doppler signals in eur patients 
underwent serial alteration after ru- 





thenium B-irradiation. The early in- 
crease of peak flow velocity may be 
explained by radiation-induced intima 
swelling of tumor vessels with stenosis 
and by post-stenotie eddy currents. 
The signals disappeared or became 
markedly diminished on follow-up. In 
some large residual tumors, no Dopp- 
ler effect was detected. We regard 
these masses as devitalized. Neverthe- 
less, vascular tissue elements of tu- 
mors are known to be more radiosensi- 
tive than melanoma cells, the latter 
exhibiting low relative radiosensitivi- 
ty, and the former, medium relative 
radiosensitivity.” 

The likelihood of a residual tumor 
regrowing following conservative 
treatment may be difficult to assess. 
Whether one is looking at a thoroughly 
devitalized necrotic tumor mass with- 
out malignant potential or persistent 
viable cancer cells capable of local re- 
currence or distal metastasis is a clini- 
cally important question that current 
investigative methods do not answer. 
We regard circulation in some areas of 
an irradiated melanoma as a prognostic 
hint of possible tumor viability. 

Hasenfratz et al” reported that in- 
ternal spike flickering during stan- 
dardized A-scan ultrasonography did 
not decrease in 12 of 15 tumors treated 
with ruthenium 106 plaque therapy. 
This appears to contradict our results. 
Förster et al” used fluorescein angiog- 
raphy to study uveal tumors and con- 
cluded that less of choroidal vascula- 
ture could be regarded as the main 
cause of treatment success with this 
technique. 
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"| sponses to radiation therapy. 








Duplex scanning instruments are ex- 
pensive and could be shared with col- 
leagues from radiologic or internal 

“medicine departments. Long-term 

- case follow-up is needed to determine 
‘whether duplex and color Doppler 
Scanning improve the management of 
intraocular tumors. 
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Germany. 
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My attention was first directed toward this problem by a study of the cases of acute 
glaucoma that are complicated by neerosis of the iris. This condition was first described 
by Fuchs and has since been observed by various authors. Necrosis of the iris is not un- 
common in cases of acute glaucoma with extremely high tension (Fig 1). Generally, a cir- 
cular zone of iris extending outward from the pupillary margin is affected. This circular 
distribution clearly indicates that a local disturbance in the vascular system of the iris 
is not responsible for the lesion, for each radical artery in the iris supplies a wedge-shaped 
zone, and the circular vessels are furnished with abundant anastomoses. The necrosis 
must, then, be a direct result of a pressure sufficient to cause collapse of the capillaries 
supplying the region affected. One must therefore conclude that, in these cases, the in- 
tra-ocular pressure exceeds the pressure in the capillaries of the pupillary portion of the 


iris. 


Source: Friedenwald JS. The pathogenesis of acute glaucoma, I: clinical and pathologie 


study. 


Arch Ophthalmol. 1930;3:560. 
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Kazuo Iwata, MD; Kiyomitsu Oyanagi, MD 


=@ We studied histopathologic findings 
from the retina and optic nerve of a 

-patient with the late-infantile type of ga- 
lactosialidosis and related them to clini- 
---¢al features of the condition. Markedly 
fewer ganglion cells were evident histo- 
“pathologically using light microscopy. 
Results of histochemical studies demon- 
strated abnormal accumulation of lipid 
and proteinaceous material in the residu- 
al swollen ganglion cells. Marked loss of 
myelinated nerve fibers and thickening 
of the pial septum were also observed in 
the optic nerve. Both retinal ganglion 
cells and amacrine cells had intracyto- 
plasmic inclusion bodies, but none were 
found in the optic nerve. These findings 
“suggested that optic atrophy was in- 
duced by axonal wallerian degeneration 
secondary to retinal ganglion cell death. 
- Although the fundus showed advanced 
optic nerve atrophy, a cherry red spot 
“- was not evident, possibly because of the 
: marked decrease in ganglion cells in this 
- case. 
: {Arch Ophthalmol. 1991;109:542-546) 


_ (Galectosialidosis is a lysosomal stor- 
“age disease characterized by de- 
- creased: B-galactosidase and sialidase 
-aetivity’ caused by a decrease in a 
“protective. protein.“ The clinical fea- 
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_ Late-Infantile Type Galactosialidosis 


- Histopathology of the Retina and Optic Nerve 


~Tomoaki Usui, MD; Shoichi Sawaguchi, MD; Haruki Abe, MD; 


tures include myoclonus, cerebellar 
ataxia, gargoyle facial features, skele- 
tal dysplasia, and visual disturbances.’ 
Goldberg et al and Thomas et al’ re- 
ported cases of this disease that mani- 
fested macular cherry red spots and 
corneal clouding. To our knowledge, 
because of the rarity of this disease, no 
elinicopathologic correlation has been 
reported. We report herein the de- 
tailed histochemical and electron mi- 
croscopic findings of a case of galacto- 
sialidosis and demonstrate the histo- 
pathologic findings and their relation 
to the clinical features of the disease. 


REPORT OF A CASE 


The patient was an adolescent who died 
at age 13 years. His parents were first 
cousins. His mother had an uncomplicated 
pregnancy and delivery. The patient first 
sat at age 8 months, and walked and talked 
at age 2 years. Spastic paraparesis and 
mental retardation were noted st age 5 
years. His gait disturbance was slowly 
progressive, and he was first admitted to 
our university hospital at age 9 years. His 
clinical course was described in detail by 
Miyashita et al” and Yoshino et a." Lab- 
oratory data revealed marked redaction of 
sialidase and §-galactosidase activity in cul- 
tured skin fibroblasts and increased urinary 
excretion of sialyl oligosaccharides. He was 
diagnosed as having late-infantile type 
galactosialidosis. 


Ophthalmologic Findings 


His corrected visual acuity was poor (6/18 
OU) at age 9 years. Diffuse and fine corneal 
deposits were seen- inthe deep corneal 
stroma under slit-lamp biomicrosespy. The 
Jens and vitreous body were unremarkable. 
Despite the marked paleness of beth optic 
dises, a macular cherry red spot was not 









































evident (Fig 1). Detailed fundus examina- 
tion demonstrated neither pigmentary de- 
generation of the retina nor exudative 
changes. Results of flash electroretinogra- 
phy performed at age 9 years were within 
the normal range. 

The patient developed intractable sei- 
zures after age 13 years and died at age 13 
years 9 months because of massive hemor- 
rhage in the respiratory tract 1 month after 
tracheostomy. 


Methods 


An autopsy was performed 4 hours after 
death. Tissue samples were taken from 
various parts of the central and peripheral 
nervous system and visceral organs, and 
processed for light microscopy, electron mi- 
croscopy, and chemical analysis. 

The tissues were fixed in 4% paraformal- 
dehyde solution in a 0.1-mol/L phosphate 
buffer (pH 7.3); dehydrated in a graded 
ethanol series, and embedded in paraffin; 
and stained with hematoxylin-eosin, cresyl 
violet, periodic acid-Schiff, alcian blue (pH 
2.5), and luxor fast blue. Frozen sections of 
the 4% paraformaldehyde-fixed tissue were 
prepared and stained with Sudan HI, Su- 
dan black B, Nile blue, and periodic acid- 
Schiff. Sections were also examined using 
autofluorescence, 

For electron microscopy, tissues were 
fixed in 3% glutaraldehyde in a 0.1-mol/L 
phosphate buffer (pH 7.3), post-fixed in 1% 
osmium tetroxide, dehydrated through a 
graded ethanol series, and embedded in 
epoxy resin (epon 812). Sections 1 pm-thick 
were stained with toluidine blue. Ultrathin 
sections stained with uranyl acetate-lead 
citrate. were examined under the electron 
microscope (H-7000, Hitachi Instrument 
Service Co Ltd; Tokyo, Japan). 


Histologic and Histochemical Findings 


A general autopsy was performed. Using 
light microscopy, the number of retinal 
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Fig 1.—Ocular fundus of the 9-year-old patient. A macular cherry red Fig 2.—Four years after initial examination, the number of retinal gangli- 
spot was not obvious. on cells had decreased. Irregular arrangement in the layer of rods and 
cones was noted. NFL indicates nerve fiber layer; IPL, inner plexiform 
layer; INL, inner nuclear layer; ONL, outer nuclear layer; and PE, pigment 
epithelium (hematoxylin-eosin, original magnification x 350). 





Fig 3.—Aftfected ganglion cells and amacrine cells in the retina were sparse (Nile blue, original magnification x 350). Inset, 
Swollen retinal ganglion cell (Nile blue, original magnification x 890), NFL indicates nerve fiber layer; IPL, inner plexiform 
layer; INL, inner nuclear layer; ONL, outer nuclear layer; and PE, pigment epithelium (hematoxylin-eosin, original 
magnification x 350). 





Fig 4.—Advanced optic nerve atrophy, moderate gliosis, and thick- Fig 5.— Affected ganglion and amacrine cells (Sudan black B, original 
ened pial septa (toluidine blue, original magnification x 190). magnification x 250). 
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Fig 6.—A type | inclusion body shows an almost concentric or wavy, 
partially parallel lamellar structure (original magnification x 27 000; 


bar indicates 0.5 pm). 


Staining 
Method 


Cresyi violet 


Reaction 


+ (proteinaceous 
material) 





Periodic 

acid- Schiff 
Alcian blue = 
Sudan lll z 


Sudan biack + (phospholipids) 
B fat 


Nile blue 
Luxor fast blue 
Autofluorescence 


+ (phospholipids) 
+ (phospholipids) 


+ (lipofuscinlike 
substance) 





ganglion cells was shown to have dramati- 
cally decreased in all parts of the retina 
examined (Figs 2 and 3). The outer nuclear 
layer appeared relatively intact. In the 
inner nuclear layer, occasional vacuolated 
cells were present, but in slightly decreased 
numbers compared with those found in the 
normal retinal area of a 61-vear-old man 
who underwent enucleation owing to malig- 
nant melanoma. Most of the vacuolated 
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cells were in the inner half of the inner 
nuclear layer, Swollen ganglion cells were 
sparse. Irregular arrangemen: of inner and 
outer segments of rods and cones was 
noted. In the optic nerve, marked loss 
of myelinated nerve fibers, thickened pial 
septa, and an increased number of glial 
cells were seen (Fig 4). 

Histochemical methods investigating lip- 
id, protein, glycoprotein, and acid muco- 
polysaccharide were applied to explore the 
abnormal intracytoplasmic materials in the 
retinal ganglion cells and amacrine cells. 
The histochemical methods end their re- 
sults are summarized in the Table. These 
results indicate that abnormal deposits in 
the nal ganglion cells and amacrine cells 
are derived from phospholipids, protein- 
aceous material, and a lipofuscinlike sub- 
stance (Figs 3 and 5). The optic nerve 
stained negative in all cases. 

Using electron microscopy, retinal gan- 
glion cells and amacrine cells were shown to 
have two morphologie types of inclusion 
bodies in their eytoplasms. Type I was 
almost concentric or wavy, with a partially 
parallel lamellar structure (Figs 6 and 7); 
type IT was membrane-bound, with a par- 
tially crossing and parallel lamellar struc- 
ture with tiny fat droplets (Figs 8 and 9). 
Under higher magnification, both type I 














Fig 7.—Higher magnification of the type | inclusion body shows its 
lameliar structure (original magnification x 200 000; bar indicates 0.1 
um). 


and type H inclusion bodies demonstrated 
lamellar structures. In the retina, cytoplas- 
mie vacuoles were not noticed. The optic 
nerve showed no inclusion bodies. A few 
cytoplasmic vacuoles were observed in the 
glial cells. 


COMMENT 


Only a few published studies concern 
the ocular manifestations of galactosi- 
alidosis. Goldberg et al’ and Thomas et 
al’ presented detailed clinical pictures 
of ocular findings and enzyme (B-galac- 
tosidase and sialidase) deficiencies in a 
patient with this disease. The patient 
had corneal clouding and a macular 
cherry red spot. The authors diag- 
nosed a new storage disease with char- 
acteristics different from those of the 
sphingolipidoses and mucopolysacchar- 
idoses. The combination of a cherry 
red spot in the macula and corneal 
clouding were also reported in this 
disease by Tsutsumi et al.” 

The cherry red spot is an important 
ocular manifestation of neuronal stor- 
age diseases such as GM, and GM, 
gangliosidosis (Tay-Sachs and Sand- 
hoff diseases), Niemann-Pick disease, 


Galactosialidosis — Usui et al 





metachromatic leukodystrophy, and 
sialidosis.” The cherry red spot is be- 
lieved to reflect accumulation of stor- 
age material in the retinal ganglion 
cells in these diseases. Histologie find- 
ings of our case showed markedly de- 
creased, but swollen, ganglion cells 
throughout the retina. Our histochemi- 
eal studies revealed the abnormal de- 
posits in the retinal ganglion cells and 
amacrine cells to be phospholipids, 
proteinaceous material, and a lipofu- 
scinlike substance. Because the cyto- 
plasmic storage material stained nega- 
tive with periodic acid-Schiff and 
alcian blue, acid glycoprotein or pro- 
teoglycans might not have been pres- 
ent. On the other hand, the neurons in 
the central and peripheral nervous sys- 
tem had not only phospholipids, pro- 
teins, and a lipofuscinlike substance, 
but also saecharides, glycolipids, and 
proteoglycans,” 

The fading of a retinal cherry red 
spot has been reported in galactosiali- 
dosis’ and related diseases, including 
Tay-Sachs disease,” the cherry red 
spot—myoclonus syndrome,” and muco- 
lipidosis I.” This phenomenon may be 
due to retinal ganglion cell loss. There 
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Fig 8.—A type Il inclusion body with a membrane-bound, partially 
crossing and parallel lamellar structure and occasional lipid droplets 
(original magnification x 27 000; bar indicates 0.5 um). 


i 


Fig 9.—Higher magnification of the type {I inclusion body (original 
magnifcation x 20 0000). The diameter of the lamellar structure and 
anchoring to the surrounding lamellae were identical to the type | 





inclusion body (bar indicates 0.1 um). 


are two possible explanations for the 
clinically obscure cherry red spot seen 
in the macula of this patient with neu- 
ral storage disease. The first is that 
the patient was in the early stage of 
the disease and had relatively normal 
ganglion cells containing little abnor- 
mal storage material. The second is 
that he was in the advanced stage of 
the disease process, in which marked 
loss of ganglion cells would not give 
enough contrast between the foveola 
and parafoveal regions. Even though 
no clinical fundus pictures before age 9 
years are available in this case, his- 
topathologic findings demonstrating 
marked loss of retinal ganglion cells 
tend to support the second explana- 
tion. That is to say, accumulation of 
abnormal storage material started 
very early in the disease process; the 
cherry red spot then diminished owing 
to loss of ganglion cells or did not form 
because both storage materials and 
loss of ganglion cells simultaneously 
developed. 

Few published clinical reports con- 
cern optic dise paleness in galactosiali- 
dosis.“""" To our knowledge, this 
report is the first to show the histo- 


pathologic findings of an atrophic optic 
nerve in this disease. Brownstein et 
al? speculated that optic atrophy in 
neuronal storage disease such as Sand- 
hoff disease was induced by axonal 
wallerian degeneration secondary to 
retinal ganglion cell death. Because 
there was a massive accumulation of 
storage material in retinal ganglion 
cells and because intracytoplasmic in- 
clusion bodies could not be detected in 
the optic nerve in our case, we suggest 
that this severe optic nerve atrophy 
was secondary and due to retinal gan- 
glion cell death. 
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Cutaneous Malignant Melanoma Metastatic to the Choroid _ 


ae Craig M. Greven, MD; M. Madison Slusher, MD; Constance Stanton, MD; R. Patrick Yeatts, MD 


e Cutaneous malignant melanoma me- 
tastatic to the eye is a well-documented 
occutrence in the ophthalmic literature. 
Typically, ocular metastatic disease oc- 
curs concomitantly with or following the 
documentation of disseminated metasta- 
ses. We present the clinical and histo- 
pathologic findings in a 62-year- old man 
whose first manifestation of metastatic 
-< cutaneous melanoma was his choroidal 
Jesion. 

“(Arch Ophthalmol. 1991;109:547-549) 


atients with disseminated cutane- 
ous malignant melanoma have been 
noted. to have a high rate of ocu- 
lar metastasis at autopsy.’ However, 
symptomatic ocular metastases from 
cutaneous malignant melanoma are 
relatively rare.” The majority of ocu- 
-lar metastases occur after widespread 
dissemination of melanoma has been 
documented: We report the findings in 
a 62-year-old man whose choroidal me- 
— tastasis from a cutaneous melanoma 
excised 5 years previously preceded all 
other systemie metastatic disease. 
Histopathology ‘of the eye clearly indi- 
-cated that the lesion was a metastasis 
rather than a primary diffuse choroidal 
melanoma. 
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REPORT OF A CASE 


A 62-year-old white man was referred 
with a 3-day history of flashes of light in his 
left eye. His medical history was significant 
in that 5 years previously he had a eutane- 
ous malignant melanoma removed from the 
left side of his neck. His visual acuity at 
presentation was 20/20 OD and 20/200 OS. 
Results of external, pupillary, and slit-lamp 
examinations were normal, as were the 
fundus examination results of the right eye. 
The left fundus showed a placoid, pig- 
mented lesion just superior to the optic dise 
that measured 7x5 0.5 mm (Fig 1). Or- 
ange pigment was on the surface of the 
tumor, and a serous macular detachment 
was confirmed by fluorescein angiography 
(Fig 2). The results of a complete systemic 
metastatic workup, including computed 
tomographic scans of the head, chest, and 
abdomen, were normal. 

Application of focal argon-green laser to 
the area of leakage within the tumor was 
performed, with prompt resolution of the 
subretinal fluid and improvement in visual 
acuity to 20/70 OS. Four months later, the 
patients visual acuity dropped to counting 
fingers at 5 ft, and the choroidal lesion 
had increased to approximately 17.5 12x 
0.5 mm (Fig 3). A bullous retinal detach- 
ment with shifting fluid was present. After 
we discussed the therapeutic alternatives, 
the patient opted for pars plana vitrectomy 
with transretinal drainage of subretinal flu- 
id through a small nasal retinotomy. The 
fluid was secured for cytologic examination, 
and a gas tamponade was performed in an 
attempt to reattach the retina. The cytol- 
ogy was interpreted as numerous, pig- 
mented, benign-appearing cells. 

Although initially attached, the retina 
partially redetached 1 month later, and the 
patient was admitted for enucleation of his 
painful eye with poor visual acuity. Intra- 
operatively, a pigmented nodule of extraoc- 
ular extension was detected adjacent to the 
optic nerve. During the preoperative work- 
up, a supraclavicular node was discovered, 
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and a fine-needle aspiration biopsy speci- a 
men was positive for malignant melanoma. 
Repeated metastatic survey revealed mul- 
tiple pulmonary, liver, and kidney metasta- 
ses as well as a solitary left frontal lobe 
metastasis. 

The patient underwent two courses of ne 
chemotherapy with cyclophosphamide (Cy- 
toxan), doxorubicin hydrochloride (Adria- 
mycin), and dacarbazine. He died 18 months 
following presentation of complications of- _ 
his intracranial metastasis. He never deve 
oped clinical metastases in his right eye, 
and an autopsy was not performed. 


PATHOLOGIC FINDINGS 


Gross examination of the exterior of the . 
enucleated specimen revealed. a globe of 
normal adult size. Just temporal to the optie 
nerve was a 4x4xl-mm episcleral pig- 
mented nodule. On transillumination; a 
transmission defect was noted involving the 
posterior pole and superior aspect of the 
globe. oe 

The cut surface through the horizontal : 
meridian revealed diffuse thickening of the 
choroid of the posterior pole and superiorly 
to a maximum thickness of J mm (Fig 4) > 
The nasal retina was detached ‘and the | 
ciliary body and anterior segment were _ 
unremarkable. : 

Microscopie examination revealed -a -dif = 
fuse, pigmented, choroidal - melahoma of | 
predominantly epithelioid cell type (Fig 5). 
Aggregates of tumor cells were noted with- 
in the large choroidal vessels (Fig: 6). Foci 
of tumor cells were located within the reti- 
nal vessels and on the. internal limiting _ 
membrane (Fig 7). Nasal to the optic nerve, _ 
at the previous retinotomy ‘site, the tumor i 








ed the retina. The tumor had also invaded 
the optic nerve around the margins of 
Bruch’ membrane. The nasal retina was 
detached, with degeneration of the photore- 
ceptors. The temporal retina was attached, 
although multiple microscopic areas of sub- 

retinal collections of amorphous, eosinophil- 























Figure 1. Figure 5. 





Figure 2. Figure 6. 





























Figure 3. Figure 7. 








Figure 8. 
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Fig 1.—Fundus photograph of the left eye at 
presentation, showing a flat, pigmented, cho- 
. roidal lesion superior to the optic disc. 


-Fig 2.—-Fluorescein angiogram of the left eye 
at presentation, documenting serous macular 
detachment. 


Fig 3.—Left fundus 3 months after presenta- 
tion, showing an enlarged choroidal lesion. 


Fig .4.—Pupillary optic nerve section of the 
globe in the horizontal meridian, showing dif- 
fuse thickening of the choroid and detach- 
ment of the nasal retina (original 
magnification). 


Fig 5.—Photomicrograph of the choroidal 
melanoma, demonstrating predominantly 
epithelioid cell type (hematoxylin-eosin, origi- 
nal magnification x 65). 


<o Fig-6.—Low-power view of the macular re- 

= gion, showing pigmented tumor cells within 
the large choroidal vessels. A collection of 
pigment-laden macrophages is present in the 


: ‘gubretinal space beneath the foveola (hema- 


“toxylin-eosin, original magnification x 12.5). 


Fig 7.— Photomicrograph of the temporal reti- 
na, showing a cluster of tumor cells adherent 
to the internal limiting membrane. Multiple 
small drusen and focal atrophy of the pigment 
epithelium are present. The retina is artifac- 
tually detached (hematoxylin-eosin, original 
magnification x 30). 


Fig 8.—Low-power view of the choroidal mel- 
anoma and extraocular extension via a poste- 
rior ciliary emissary (hematoxylin-eosin, origi- 
nal magnification x 6). 


ie: material and pigment-laden macrophages 
were present. 

Extraocular extension of the melanoma 
‘was present via a posterior ciliary emissary 
(Fig 8). The mixed, predominantly epitheli- 
oid cell type of the extraocular extension 
was.the same as the intraocular portion of 
the tumor. The extraocular extension in- 
vaded the adjacent optic nerve dura, but 
did not extend into the subarachnoid space. 
The dural and optic nerve margins of resec- 
tion were free of tumor. 


COMMENT 


The prevalence of ocular metastatic 
lesions in patients with disseminated 


cutaneous malignant melanoma in an 
autopsy series has been established at 
33%.’ However, none of the ocular 
lesions reported in that series were 
clinically apparent. Clinically detect- 
able ocular metastatic disease from 
cutaneous melanoma appears to be rel- 
atively rare.” 

Typically, patients with ocular me- 
tastasis have either documented sys- 
temic metastases at the time of the 
initial visual complaints or the meta- 
static workup at the time of presenta- 
tion reveals systemic metastases. In 
the 10 patients described by de Bus- 
tros et al,° six had known systemic 
metastases at presentation. Metastatic 
workup in the other four patients re- 
vealed concomitant ocular and system- 
ic metastases. Our patient is unique in 
that he had no known metastatic dis- 
ease when he presented, and the re- 
sults of the metastatic work-up were 
completely negative. Consequently, 
the question arose whether this was a 
choroidal metastasis or a diffuse pri- 
mary melanoma of the uveal tract.® It 
is generally impossible to differentiate 
the two solely on clinical grounds. 
Augsburger et al’ described a patient 
who had cutaneous malignant melano- 
ma and subsequently developed a dif- 
fuse primary melanoma of the uveal 
tract. 

It was not until our patient under- 
went enucleation and histologic evalua- 
tion of the globe was performed that 
the diagnosis of metastatic cutaneous 
melanoma could be made. The charac- 
teristic histologic features of melano- 
ma metastatic to the eye have been 
well described. Typically, metastatic 
lesions tend to be flat and/or multiple 
within the uveal tract. Microscopic fea- 
tures in our patient that were sugges- 
tive of metastatic disease included 
predominantly epithelioid cell type, 
multiple tumor emboli located within 
the large choroidal and retinal vessels, 
and the lack of nevus cells at the base 
so frequently found in primary uveal 
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melanomas. The subsequent develop- 
ment of widespread metastatic disease 
4 months following presentation also _ 
suggested that the choroidal lesion was __ 
a metastasis. oe 

The long-term prognosis for patients ae 
with ocular metastases from cutaneous 


melanoma is poor. In the two largest _ 


series, 13 of 15 patients in whom fol- _ 


low-up data were available survived 
less than 6 months.” The other two: | 


patients survived 11 and 15 months 
after ocular metastases were noted. 
Our patients 18-month survival is in- 
line with the previously reported su 
vival data. - 

Clinically, it is difficult, if not impos- 
sible, to differentiate primary diffuse — 


malignant melanoma of the uveal tract. 
from ocular metastasis from cutaneous 
melanoma. However, as this case dem- | - 
onstrates, if both clinical and histologic 


parameters are applied, an accurate | 
diagnosis may be established with _ 
more certainty. a 
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Amelioration of Light-Induced Retinal Degeneration 
by a Calcium Overload Blocker 


Flunarizine 


Deepak P. Edward, MD; Tim-Tak Lam, PhD; Shahin Shahinfar, MD; Junping Li, MD; Mark O. M. Tso, MD 


è Although free radical formation and 
lipid peroxidation have been implicated 
in photoreceptor degeneration following 
continuous light exposure, recent evi- 
dence led us to hypothesize that exces- 
sive stimulation of the photoreceptor 
cells in prolonged light exposure may 
cause intracellular calcium overload and 
consequent photoreceptor cell injury. To 
test this hypothesis, we studied the ef- 
fects of flunarizine hydrochloride, a cal- 
cium overload blocker that inhibits the 
inositol 1,4,5-triphosphate-induced re- 
lease of intracellular stores of calcium, in 
an established rat model of light-induced 
retinal degeneration. Light and electron 
microscopic examination of the flunari- 
zine-treated retinas revealed remarkable 
preservation of the retinal pigment epi- 


Tre pathologic effects of light-in- 

duced retinal degeneration have 
been extensively studied’ but the 
pathogenetic mechanisms are not de- 
finitively determined. One of the most 
widely accepted hypotheses is that the 
degenerative changes in the retina re- 
sult from free radical formation.” The 
partially protective effects of antioxi- 
dants lend support to this hypothesis.” 
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thelium, rod inner and outer segments, 
nuclei, and synapses of the photorecep- 
tor cells at all phases of the recovery 
period. This observation was further sup- 
ported by morphometric evaluation of 
the outer nuclear layer thickness, which 
revealed a greater preservation of the 
photoreceptor nuclei in the drug-treated 
animals at 6 and 14 days after exposure. 
In addition, the rhodopsin levels in the 
flunarizine-treated retinas were also sig- 
nificantly higher than in the controls in 
all phases of recovery. The ability of 
flunarizine to ameliorate light-induced 
retinal degeneration in the rat supports 
our hypothesis that elevated intracellular 
calcium may indeed play a role in light- 
induced photoreceptor degeneration. 
(Arch Ophthalmol. 1991;109:554-562) 


However, other factors may play a role 
in photoreceptor injury. Winkler et al,” 
using an in vitro model, suggested that 
the retinal degeneration may be linked 
to an elevation in intracellular calcium. 

The physiologic role of calcium in the 
photoreceptor is not well defined but is 
believed to play an important role in 
light adaptation through a negative 
feedback mechanism.” Dye loading 
studies have demonstrated that brief 
flashes of light cause a decrease in rod 
outer segment calcium through the so- 
dium/calcium exchange, whereas dark 
adaptation results in an increase in 
intracellular calcium. ""” 

The regulation of intracellular calci- 
um by phosphoinositides is well estab- 
lished in many tissues.” In the pho- 
toreceptor cells, light-induced phos- 


phoinositide turnover has been ob- 
served in the rod outer segments and 
in the synaptic region." However, 
the role of phosphoinositides in regu- 
lating calcium levels in the vertebrate 
photoreceptor cells remains unclear.” 
Both light-induced phosphoinositide 
turnover and the light-adapting re- 
sponse of the calcium-regulating chan- 
nels in the rod outer segments have 
been studied mainly in experiments 
that employed short periods of illumi- 
nation. However, the effects of pro- 
longed illumination on the calcium- 
regulating channels and intracellular 
stores of calcium in the photoreceptor 
cells have not been explored. 

Neuronal cell injury in ischemia has 
been linked to intracellular calcium 
overload, which is caused by an influx 
of calcium through voltage or receptor- 
gated channels in the synaptic mem- 
branes and/or by the release of stores 
of intracellular calcium." In spite of 
the dissimilarity between light-induced 
damage of the photoreceptor cells and 
ischemic damage to other neurons, the 
possibility exists that increased levels 
of intracellular calcium may be the 
final common pathway that injured 
these neuronal cells. 

We hypothesized that excessive 
stimulation of the photoreceptor cells 
by prolonged light exposure, unlike 
the physiologic response to brief 
flashes of light, may cause calcium 
overload in the photoreceptor cells and 
contribute to cellular injury. 

Flunarizine hydrochloride is a lipo- 
philic piperazine derivative that readi- 
ly crosses the blood-brain barrier.” 
The drug is a “calcium overload” 
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blocker and has been shown to protect 
against ischemic damage to neural tis- 
sue. It is believed that flunarizine 
prevents intracellular calcium overload 
in injured cells by inhibiting the re- 
lease of calcium by inositol 1,4,5-tri- 
phosphate, *™"=" although other possi- 
ble mechanisms of action have also 
been proposed. °°" 

In this study, we administered flu- 
narizine to Lewis albino rats and dem- 
onstrated the ameliorative effect of 
this drug in an established model of 
light-induced retinal degeneration. 

MATERIALS AND METHODS 
Preparation of the Drug 





Flunarizine hydrochloride (Sigma Chemi- 
eal Co, St Louis, Mo) was dissolved in 40% 
polyethylene glycol 400 (Sigma Chemical 
Coi in normal saline, using a modification of 
a previously deseribed procedure.” The 
drug concentration used for intraperitoneal 
injection was 4 g/L of vehicle. Freshly 
prepared drug was used for each 
experiment. 


induction of Light-induced Retinal 
Degeneration 


Thirty-six 35-day-old albino Lewis rats 
were fed a normal diet and placed in 12- 
hour cyclic white fluorescent light with a 
uniform illumination of 53.8 lux for 14 days. 
Of these animals, 18 were treated with 
flunarizine; the 18 animals that were treat- 
ed with the drug vehicle 40% polvethylene 
glycol 406 in normal saline served as con- 
trols. Following the 2-week period of cyclic 
light, the animals were dark adapted for 1 
day before the 24-hour exposure to intense 
light. 

Flunarizine or the vehicle was adminis- 
tered to the animals in the following man- 
ner: the drug-treated animals received 
three doses of flunarizine hydrochloride (40 
mg/kg of body weight for each dose) by 
intraperitoneal injection. The first injection 
was administered just before dark adapta- 
tion, the second dose immediately preced- 
ing exposure to intense light Ge, 24 hours 
after the administration of the first dose), 
and the third dose 12 hours after the onset 
of exposure to intense light (36 hours after 
the first injection). The control animals 
received 1 mL of the vehicle (40% polyeth- 
ylene glycol 400 in normal saline) in a 
similar schedule. 

The dose of flunarizine and the adminis- 
tration schedule were formulated with con- 
sideration of previous pharmacologic” and 
toxicologie data” and the dosage effective in 
the treatment of neuronal ischemia 

The light exposure was carried out in an 
acrylic chamber (Cell Cast acrylic No. 2092 
one-eighth-inch green, Polycast Technol- 
ogy, Stamford, Conn) that transmitted 
green light in the wavelength range of 490 
to 580 nm. The illumination inside the 
chamber was equidirectional, and the inten- 
sity ranged from 1726.4 to 1942.2 lux. The 
animals were exposed in groups of four, of 
which two were treated with flunarizine 
and the other two were vehicle-treated 
controls. 
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The exposure period lasted 24 hours, 
after which the animals were housed in 
total darkness for the entire recovery peri- 
od. Twelve rats were killed under dim red 
light at each of three intervals: 6 hours, 6 
days, and 14 days after recovery in the 
dark. Of the 12 rats in each group, six were 
treated with flunarizine and six with the 
vehicle. 





















Six additional 50- 
Lewis rats that were ¥ 
served as unexposed ¢6) 
were killed after 24 hou 
tion. All animals were ited in accordance 
with the Association for Research in Vision 
and Ophthalmology Resolution on the use of 
animals in research. 

Rhedopsin measurements 


-day-old albino 
ared in cyclic light 

is. The animals 
of dark adapta- 





were per- 


Fig 1.—Photomicrographs depicting the degenerative retinal changes in comparable areas of 
the superior retinal quadrants 6 hours (top), 6 days (center), and 14 days (bottom) after 
exposure. Top left, Vehicle-treated control retina shows thinning of the outer nuclear layer (ONL) 
with pyknosis of the rod nuclei. Extensive inner segment densification, disrupted outer seg- 
ments, and phagosomes in the retinal pigment epithelium (RPE) were also observed. Top right, 
Flunarizine-treated retina shows scattered pyknosis of ONL, occasional densified rod inner 
segments, and phagosomes in RPE. Center left, Control shows markedly thinned ONL, loss of 
inner and outer segments, and necrotic RPE. Numerous macrophages are seen in the sub- 
retinal space. Center right, Flunarizine-treated retina shows relative preservation of the ONL, 
inner segments, and RPE. Occasional subretinal macrophages were seen. Bottom left, Control 
retina shows a thinned outer nuclear layer with short outer segments. The RPE appears 
unremarkable. Bottom right, Flunarizine-treated animal exhibits a significantly thicker ONL with 
long, regularly arranged outer segments overlying a normal RPE (toluidine blue, x 700). 
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formed on retinas of all the enucleated 
left eyes using a previously described 
procedure.” 

The enucleated right eyes were fixed in 
4% buffered formaldehyde and 1% glutaral- 
dehyde. Following fixation, the anterior 
segments of the globes were removed and 
the posterior segments were divided into 
superior, nasal, inferior, and temporal 
quadrants. The specimens from each quad- 
rant were then osmicated, dehydrated in 
graded alcohols, and embedded in epoxy 
resin. Morphologic and morphometric eval- 
uation were then performed on l-um sec- 
tions from each quadrant. 

Pathologie evaluation was carried out by 
light microscopy on semithin sections of all 
specimens. Ultrathin sections of represen- 
tative areas taken from comparable retinal 
quadrants of treated and control animals 
were studied by electron microscopy using 
an electron microscope (Hitachi 600, Tokyo, 
Japan), 

Quantitative assessment of injury to the 
photoreceptor cells was made by measuring 
the thickness of the outer nuclear layer. 
The measurements were carried out on a 
customized image processing system by 
which the image of the toluidine blue- 
stained retinal sections was projected onto 
a digitizing pad connected to a computer. 
The measurements were made on two 
whole sections from each quadrant, each 
section extending from the posterior pole to 
the ora serrata. All measurements were 
carried out in a masked fashion. 

Statistical analysis of the morphometric 
data and the rhodopsin levels was per- 
formed using the repeated-measures analy- 
sis of variance. 


Preliminary Pharmacokinetic Studies 


An experiment was carried out to deter- 
mine the concentration of flunarizine that 
reached the rat sensory retina with the use 
of the dosage schedule in the experiment 
involving light exposure. Eight albino Lew- 
is rats were used for this study. Three 
intraperitoneal injections of flunarizine 
were administered as described above. The 
animals were killed at time points indicated 
in the Table, and these points corresponded 
to the times just before dark adaptation, 
just before light exposure, 12 hours into 
light exposure, immediately after light ex- 
posure, and 6 hours, 3 days, and 6 days 
after light exposure. One animal served as 
an untreated control. Blood was obtained at 
each time point and the retinas were dis- 
sected free of the retinal pigment epitheli- 
um and frozen until assayed. 

The drug assay was carried out using a 
modification of a high-performance liquid 
chromatography (HPLC) method for flu- 
narizine assay previously described.” This 
method is described briefly as follows: 0.25 
mL of plasma or retina homogenate was 
added to 0.25 mL of l-mol/L sodium hy- 
droxide and 1.5 mL of methylene chloride. 
Following a 30-minute incubation, the lay- 
ers in the sample were separated by centrif- 
ugation. The organic layer was then trans- 
ferred to another tube, and the aqueous 
layer was reextracted with 1 mL of methy- 
lene chloride. The combined organie phase 
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Fig 2.—Top, Electron micrograph of vehicle-treated control retina 6 hours after exposure. The 


photoreceptor inner segments show extensive cytoplasmic densification with swollen or densi- 
fied mitochondria. Other inner segments with watery cytoplasm exhibit mitochondrial degenera- 
tion (arrowheads) and autophagy (arrows) { x 9000). Bottom, Flunarizine-treated retina 6 hours 
after exposure. Occasional photoreceptor cells exhibit a watery cytoplasm with swollen mito- 
chondria. Amorphous (arrow) cr granular (arrowheads) osmophilic deposits suggestive of 
autophagy are observed. In general, the photoreceptor inner segments are better preserved 


than the vehicle-treated control retina ( x 9846). 


was evaporated, and the content was recon- 
stituted with 250 uL of the mobile phase. 
An appropriate amount of the sample was 
injected into the liquid chromatograph. The 
HPLC system consisted of pumps (Waters 


510, Millipore Corp, Milford, Mags), an 
injector (Waters 715 Ultra WISP), and a 
detector (Waters 490E). A 125 x 4-mm col- 
umn (LiChrosphere 100 CH-8, E. Merck, 
Darmstadt, Germany) was used. The mo- 
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Fig 3.—Electron micrographs of outer plexiform layer 6 hours after exposure. Left. Vehicle-treated control. Synaptic 


terminals exhibit cytoplasmic densification and vacuolated structures (arrows). Some synaptic vesicles appear irregularly 
arranged and are surrounded by a watery cytoplasm (S). Mitochondrial swelling is also seen (asterisks). Note the pyknotic 
nuclei in the outer nuclear layer (N) (x 7000). Right, Flunarizine-treated animal. Occasional synaptic terminals appear 
densified (arrows). The mitochondria in the synaptic terminals and synaptic vesicles are relatively well preserved. The 
synaptic bars (arrowheads) are more readily identifiable than those in the damaged vehicle-treated retina ( x 6818). 


bile phase was a mixture of 500 g of metha- 
nol, 300 g of water, 2.5 g of sodium acetate, 
and 2 g of acetic acid at a flow rate of 
1.2 mL/min. Meclizine hydrochloride was 
used as the internal standard, and recovery 
was monitored with the addition of known 
amounts of flunarizine into plasma or 
retina, 


RESULTS 
Pathologic Changes in the Retina 


Six hours after exposure, the retinal 
pigment epithelium of the vehicle-treat- 
ed controls exhibited many phagosomes 
filled with outer segment lamellae. The 
rod inner segments demonstrated wide- 
spread densification with disruption of 
the rod outer segments. There was 
moderate loss of photoreceptor nuclei 
with pyknosis of many remaining nuclei 
(Fig 1, top left). Ultrastructural exami- 
nation revealed numerous phagosomes 
in the retinal pigment epithelium and 
vesiculated outer segments. Granular to 
amorphous, densely osmophilic material 
in membrane-bound vesicles that was 
suggestive of autophagy was seen in the 
rod inner segments (Fig 2, top). The 
photoreceptor nuclei demonstrated 
varying stages of pyknosis. In the outer 
plexiform layer, many synaptic termi- 
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nals appeared densified with vacuoles. 
In other synaptic terminals the synaptic 
vesicles appeared loosely arranged in a 
watery cytoplasm. The synaptic ribbons 
were mostly absent. Swollen mitochon- 
dria with indistinct cristae were also 
seen in the synaptic complexes (Fig 3, 
left). No pathologic changes were seen 
in the bipolar cell laver. 

The flunarizine-treated animals also 
showed phagosomes in the retinal pig- 
ment epithelium. Scattered densifica- 
tion of the rod inner segments with 
disruption of the rod outer segment 
lamellae was less marked than that in 
the vehicle-treated controls. There 
was some decrease in the thickness of 
the outer nuclear layer in the drug- 
treated group, but only scattered pyk- 
notic photoreceptor nuclei were seen 
(Figs 1, top left, and 2, bottom). Ultra- 
structural examination of the retina 
showed that some retinal pigment epi- 
thelial cells had phagosomes loaded 
with cellular debris. The rod outer 
segments showed vesiculation, which 
was less prominent than that in the 
vehicle-treated controls. Scattered 
pyknosis and chromatin margination 
was observed in the photoreceptor nu- 
clei. The red synaptic terminals and 


their ribbons were better preserved in 
the flunarizine-treated animals, exhib- 
iting only occasional densified synaptic 
terminals. The synaptic vesicles were 
uniformly distributed, and the mito- 
chondria in the terminals appeared 
reasonably preserved (Fig 3, right). 
The bipolar cell layer appeared 
unremarkable. 

Six days after the termination of 
light exposure, the retinal pigment 
epithelium of the vehicle-treated con- 
trols appeared extensively necrotic. 
The rod inner segments appeared 
swollen and the rod outer segments 
were disrupted. Necrotic debris and 
macrophages were seen in the subret- 
inal space. Further loss of photorecep- 
tor nuclei was observed (Fig 1, center 
left). These features were more promi- 
nent in the superior and temporal 
quadrants of the retina. In contrast, 
the retinal pigment epithelium in the 
flunarizine-treated group was relative- 
ly well preserved. The rod inner seg- 
ments showed some vacuolation, and 
the rod outer segments appeared 
shortened. The photoreceptor nuclei 
were significantly preserved in the 
flunarizine-treated animals (Fig 1, cen- 
ter right). 
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Fig 4.—Top, Electron micrograph of vehicle-treated control 14 days after exposure. The 
photoreceptor inner segments (IS) appear regularly aligned. However, the rod inner segments 
are swollen with dilated endoplasmic reticulum ( x 9625). Bottom, Flunarizine-treated animal. 
The rod inner segments appear regularly aligned. Mitochondria, endoplasmic reticulum, and 
ribosomes exhibit an orderly arrangement { x 8276). 


Fourteen days after exposure, the 
retinas of the vehicle-treated controls 
and drug-treated animals showed signs 
of repair. In the vehicle-treated con- 
trols, the retinal pigment epithelium 
“appeared to have regenerated focally, 
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forming a single layer underlying 
shortened rod outer segments. The 
outer nuclear layer appeared thinned 
with regularly arranged rod inner seg- 
ments (Fig 1, bottom left). Ultrastrue- 
turally, the retinal pigment epithelium 





appeared unremarkable in focal areas. 
The rod outer segment membranes 
were well aligned. In focal areas, the 
rod inner segments appeared mildly 
swollen with dilated endoplasmic retic- 
ulum. In the outer plexiform layer, the 
rod synaptic terminals showed a few 
synaptic vesicles that were irregularly 
arranged in a watery cytoplasm. Scat- 
tered swollen mitochondria were still 
observed (Fig 4, top). The synaptic 
ribbons were now readily identified 
(Fig 5, left). However, in the treated 
animals the retinal pigment epithelium 
had remarkably recovered. Long, reg- 
ularly arranged rod outer segments 
and well-aligned rod inner segments 
were observed. The outer nuclear lay- 
er appeared better preserved than in 
the controls (Fig 1, bottom right). Ul- 
trastructural examination showed nor- 
mal retinal pigment epithelium and rod 
outer segments. The rod inner seg- 
ments revealed that the endoplasmic 
reticulum and ribosomes had an order- 
ly arrangement (Fig 4, bottom). The 
rod synaptic terminals showed uni- 
formly distributed synaptic vesicles 
with normal mitochondria. Occasional 
synaptic terminals demonstrated mul- 
tiple synaptic ribbons (Fig 5, right). 


Morphometric Findings 


Figure 6 depicts the morphometric 
evaluation of the thickness of the outer 
nuclear layer in the unexposed controls 
and in the flunarizine- and vehicle- 
treated animals after light exposure. 
Compared with the unexposed con- 
trols, 15% and 18% decreases in the 
outer nuclear layer thickness were not- 
ed 6 hours after exposure in the flunar- 
izine-treated and vehicle-treated ani- 
mals, respectively. There was no 
significant difference in the outer nu- 
clear layer thickness between the two 
groups. However, a significant preser- 
vation in outer nuclear layer thickness 
was evident in the flunarizine-treated 
animals 6 and 14 days after exposure 
compared with their respective con- 
trols (P<.01). 


Rhodopsin Levels 


Figure 7 shows the rhodopsin levels 
in the flunarizine- and vehicle-treated 
retinas during the recovery period and 
also the levels in the unexposed con- 
trols (2.14+0.11 nmol per eye). Six 
hours after light exposure, 56% of rho- 
dopsin had regenerated in the flunari- 
zine-treated animals, and only 44% had 
regenerated in the vehicle-treated ani- 
mals compared with the levels in the 
unexposed controls (P<.05). 

Six days after exposure, there was a 
drop in rhodopsin levels in both the 
flunarizine- and vehicle-treated rats. 
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Fig 5.—Left, Outer plexiform layer of vehicle-treated control 14 days after exposure. The synaptic vesicles (S) are 
irregularly arranged in a matrix of watery cytoplasm. Some swollen mitochondria are noted. Synaptic bars are seen in this 
region (arrowheads) ( x 7369). Right, Flunarizine-treated animal. The synaptic terminals (S) and their mitochondria appear 
unremarkable. The synaptic bars (arrowheads) are readily identified and well aligned. The synaptic vesicles cluster around 


the synaptic bars ( x 7175). 


However, significantly higher levels of 
rhodopsin were detected in the flunari- 
zine-treated animals (P<.001). Four- 
teen days after exposure, 72% of the 
rhodopsin had regenerated in the flu- 
narizine-treated animals, and only 54% 
rhodopsin regeneration was noted in 
the vehicle-treated controls compared 
with the rhodopsin levels in the unex- 
posed controls. The difference in the 
degree of regeneration in the two ex- 
posed groups was statistically signifi- 
cant (P<.001). 


Preliminary Pharmacokinetic Studies 


The Table depicts the levels of flu- 
narizine assayed in the serum and the 
retina following the administration of 
three intraperitoneal injections of flu- 
narizine. The serum levels were high- 
est 24 hours after the second injection 
and rapidly decreased to nondetectable 
levels within 54 hours after the first 
injection. Flunarizine was detected in 
the retina within 15 minutes after the 
first intraperitoneal injection. Signifi- 
cant levels were seen in the retina at 
points corresponding to the period of 
exposure as well as in the early postex- 
posure period. At 198 hours after the 
first injection, when serum levels of 
the drug were not detectable, 0.83 ng 
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of flunarizine per milligram of retina 
could still be detected. 


COMMENT 


Our pathologic and morphometric 
studies demonstrated that the intra- 
peritoneal administration of flunarizine 
before and during intense light expo- 
sure effectively ameliorated light-in- 
duced retinal degeneration in albino 
rats. Six hours after light exposure, 
our pathologic study revealed that the 
photoreceptor inner segments, nuclei, 
synaptic terminals, and notably their 
synaptic ribbons appeared better pre- 
served in the flunarizine-treated rats 
than in the controls. Morphologic ob- 
servations indicated that a greater 
number of pyknotic nuclei were pre- 
sent in the vehicle-treated retinas. 
However, the outer nuclear layer 
thickness in the flunarizine-treated 
retina was only 4% greater than the 
vehicle-treated retina and this differ- 
ence was statistically insignificant. On 
the other hand, rhodopsin regenera- 
tion at 6 hours after exposure in the 
flunarizine-treated group was 12% 
greater than in the vehicle-treated 
controls, and this difference was statis- 
tically significant. The retinal levels of 
rhodopsin were measured as a function 


of its bleaching capacity and depend on 
the opsin and 11-cis retinal in the rod 
outer segment membranes. The signif- 
icantly higher rhodopsin levels in the 
treated group 6 hours after light expo- 
sure suggested that flunarizine may 
have protected the opsin in the rod 
outer segment membranes and possi- 
bly also the retinal pigment epithelial 
cells that recycled the chromophore. 
Rhodopsin measurement appeared to 
be a more useful indicator of functional 
damage at the photoreceptor-pigment 
epithelium complex than the outer nu- 
clear layer morphometric analysis 6 
hours after light exposure in this ani- 
mal model. 

Six and 14 days after exposure, sig- 
nificant preservation of the photore- 
ceptor cells and retinal pigment epithe- 
lium was noted in the flunarizine- 
treated group. In addition, the rod 
outer segments at these times were 
regularly arranged and longer than the 
rod outer segments in the vehicle- 
treated controls, supporting the signif- 
icantly higher levels of rhodopsin in 
the drug-treated animals at both time 
points. 

From these morphologie; 
metric, and biochemical dat 
pears that flunarizine has.a’protettiv 
effect on the retinal pigment epithel 
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Fig 6.—Outer nuclear layer (ONL) thickness in the vehicle-treated (open circles) and the 


flunarizine-treated animals (closed circles) at 6 hours, 6 days, and 14 days after light exposure. 
Circles intersecting the y axis are normal unexposed controls. The initial loss in ONL thickness in 
both groups is followed by a significant preservation in the ONL thickness in the flunarizine- 
treated group at 6 and 14 days after exposure. Asterisk indicates P<.4, and two asterisks, 
P<.01. 
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Fig 7.— Rhodopsin levels in the vehicle-treated (open circles) and the flunarazine-treated (solid 
circles) retinas during the recovery period. Circles intersecting the y axis are normal unexposed 





controls. Asterisk indicates P<.05, and two asterisks, P<.001. 


um, inner and outer segments, peri- 
karyon, and synaptic terminals of the 
photoreceptor cells. 

= Flunarizine is a highly lipophilic 
compound that has been demonstrated 
to cross the blood-brain barrier.”” Our 
preliminary pharmacodynamic data in- 
dieated that the drug crossed the 
bloed-retinal barrier as well. Although 
the sample size studied for estimation 
of retinal flunarizine levels was limit- 
ed, it appeared that the highest retinal 
levels of flunarizine in the retina were 
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reached 24 to 126 hours after the first 
intraperitoneal injection. This period 
coincided with the period of light expo- 
sure and the early recovery period 
after light exposure. These levels of 
flunarizine in the retina and serum 
assayed by the HPLC method used in 
our study were comparable with the 
ocular levels reported using a radioim- 
munoassay.” Whereas HPLC cannot 
determine the cytologic location of the 
drug in the retina, in vitro studies 
have indicated that flunarizine strong- 





Time After 























Animal First Serum, Retina, 
No. Injection, h* ng/ml ng/mg 

1 0.25 164.1 0.06 

2 24 232.6 2.36 

3 36 56.9 2.44 

4 48 29.9 3.27 

§ 54 (e 3.46 

6 3.11 

7 0.83 


* The first intraperitoneal injection of flunarizine (40 
mg/kg of body weight) was administered just before 
dark adaptation. See text for the schedule of the other 
two injections. 


ly binds to lipid-rich synaptosomal 
membranes in the presence of tissue 
proteins,” and it is therefore likely 
that the drug might be incorporated 
into the membrane-rich photoreceptor 
cells. 

Flunarizine has been described as a 
class IV calcium channel blocker 
(World Health Organization classifica- 
tion” and a calcium overload 
blocker.” The drug has been demon- 
strated to effectively ameliorate is- 
chemie neuronal damage. "7" Many 
mechanisms have been proposed to 
explain its therapeutic effects. Recent 
studies have suggested that flunarizine 
acts on the phosphoinositol pathway by 
blocking the inositol 1,4,5-triphos 
phate-induced release of calcium. 
In addition, the interaction of flunari- 
zine with membrane phospholipids,“ ™ 
its free radical scavenging activity,” 
and its effect on voltage- and receptor- 
activated calcium channels"” and 
blood flow’*” have all been proposed 
as mechanisms to explain its protective 
effect. Of the above-proposed mecha- 
nisms, perhaps the most significant 
involves the role of flunarizine in inhib- 
iting the inositol 1,4,5-triphosphate—in- 
duced release of calcium. 

Phosphoinositides are components of 
most cell membranes that are neces- 
sary for the regulation of intracellular 
calcium in various cells, including neu- 
rons.”" The hydrolysis of the mem- 
brane-bound inositol 1,4-bisphosphate 
in this pathway leads to the formation 
of inositol 1,4,5-triphosphate. The gen- 
eration of inositol 1,4,5-triphosphate 
involves a membrane transduction pro- 
cess that includes three main compo- 
nents: a receptor, a coupling G protein, 
and the enzyme phospholipase C. The 
release of inositol 1,4,5-triphosphate 
then triggers the release of calcium 
from intracellular stores in the endo- 
plasmic reticulum. Under pathologic 
conditions such as neuronal ischemia, 
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an exaggerated inositol 1,4,5-triphos- 

phate-induced rise in intracellular 

‘calcium has been proposed as one 

of the mechanisms involved in cell 
f injury." 

In the photoreceptor cell, phospholi- 
pase C-mediated hydrolysis of inositol 
1,4-bisphosphate to inositol 1,4,5-tri- 
phosphate occurs in the rod outer seg- 
ments.“ The hydrolysis of inositol 
1,4-bisphosphate to inositol 1,4,5-tri- 
phosphate, which is light-induced, has 
been documented in the rod outer seg- 
ments, synaptosomal preparations of 
the outer retina, *™® and the retinal 
pigment epithelium.“ Recent studies 
~ Have indicated that at least in the rod 
-— outer segments, the process may in- 

-= volve the phototransduction proteins.” 
_ However, the light-induced changes in 
inositol 1,4,5-triphosphate levels in the 

- vod outer segments were extremely 

brief and transient. ™ 

Given the evidence of light-induced 
inositol 1,4,5-triphosphate production 
in the rod outer segments and the 
synaptic region, it is reasonable to 
hypothesize that exposure to a patho- 
logic stimulus of continuous illumina- 
tion caused sustained activation of the 
inositol cascade, resulting in elevation 
of internal calcium in the rod outer 
segments and/or presynaptic region, 
and resulted in photoreceptor cell inju- 

‘ry through various secondary mecha- 

nisms. Under these circumstances, 

- flunarizine may protect the photore- 
eeptor-pigment epithelium complex by 

Inhibiting the release of intracellular 
--ealelum.in response to an excessive 
stimulus of light. Although physiologic 
evidence from in vitro studies of rod 
outer segments suggests that flashes 
of light cause decrease in rod outer 
segment calcium,” a pathologic stim- 
ulus of prolonged illumination on the 
photoreceptor-pigment epithelium 
complex in vivo might produce a differ- 
= ent response in the phosphoinositide 
; metabolism and calcium regulation. 

-e The effectiveness of flunarizine in 
— protecting the synaptic terminals in 
=- ‘photic injury, as observed in this ex- 

periment, suggested that these struc- 

tures may also be target sites for the 
action. of flunarizine. In our study, 
some of the early and late morphologic 
alterations in the synaptic region of the 
light-damaged photoreceptor cells 
were similar to those previously re- 
ported. The early changes included 
increased packing of the synaptic vesi- 
cles, densification, vesiculation, bul- 
-= pous. swelling of the sy naptie ribbons, 
~ and mitochondrial swelling in the syn- 
aptic ‘terminals of the light-exposed 
| retina. =="! The dense packing of syn- 
-— -aptic vesicles in the early stages after 
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light exposure was interpreted as an 
increased content of neurotransmitters 
in the presynaptic region resulting 
from light-induced hyperpolarization of 
the photoreceptor cell.” These mor- 
phologic data corroborate data from a 
study that found increased amounts of 
neurotransmitters in the photorecep- 
tor cells following an 18-hour light 
exposure.” Since light-induced a 
tion of inositol 1,4,5-triphosphate” 
well as potentiation of inositol 45. 
triphosphate hydrolysis by neurotrans- 
mitters such as glutamate™’ * are 
known in the retina, it is possible that 
continuous exposure may result in ex- 
cessive inositol 1,4,5-triphosphate for- 
mation causing elevation of intracellu- 
lar calcium that exceeds the buffering 
capacity of the cell. Increased intracel- 
lular calcium may cause cell injury and 
death in multiple ways, including re- 
lease of nucleases, proteases, phospho- 
lipases, and free fatty acids, as well as 
lipid peroxidation and free radical pro- 
duction.** The ability of flunarizine to 
block inositol 1,4,5-triphosphate-in- 
duced release of calcium under such 
circumstances would protect the pho- 
toreceptor cells from injury. A second 
possible mechanism, as proposed by 
Thomas et al, may be the possi- 
ble stabilizing effect of flunarizine 
on calcium - membrane phospholipid 
interactions. 

Light-induced formation of free radi- 
cals has been proposed as an important 
underlying mechanism in light-induced 
retinal degeneration." Flunarizine 
has been reported to have free radical 
scavenging activity.” However, ac- 
cording to this in vitro study, the free 
radical scavenging activity of flunari- 
zine is weak compared with the antiox- 
idant ascorbic acid, which has been 
demonstrated to be very effective in 
ameliorating light-induced retinal de- 
generation. The remarkable regenera- 
tion of rhodopsin (72% of the unex- 
posed control value) 14 days after 
exposure indicated that the ameliora- 
tion achieved by flunarizine was com- 
parable with if not greater than that 
seen with l-ascorbie acid.*’* This sug- 
gested that the free radical scavenging 
effect of flunarizine is unlikely to be 
the primary therapeutic mechanism. 

Since voltage-sensitive calcium 
channels are not present on photore- 
ceptor cells,” it is unlikely that flunari- 
zine exerts its effect through this 
mechanism. Furthermore, the ineffec- 
tiveness of nimodipine, a voltage-sen- 
sitive channel antagonist, in ameliorat- 
ing light injury in experiments 
conducted in our laboratory O.L., 
D.P.E., T.T.L., M.O.M.T., unpub- 
lished data, 1990) supports this notion. 





If flunarizine did cause increased : 
blood flow in the choroidal circulation, - 
as it was suggested to have.done in the : 
cerebral vessels,""" one would not 
expect to see an ameliorative effect m 
the retina. The consequence of in- 
creased blood flow in the choroidal 
vessels would possibly be increased 
oxygen supply to the photoreceptor _ 
cells, a condition that is known. 
to potentiate light - induced. retinal — 
damage.” : 

In conclusion, the administration. of S 
flunarizine appears to ameliorate light- _ 
mediated injury to the rat retina and 
the retinal pigment epithelium. The 
photoreceptor perikaryon and the syn-_ 
aptie region in the outer plexiform 
layer appeared to be better preserved _ 
in the treated animals. Based on the 
proposed effects of flunarizine on cells, _ 
we suggest that the most likely mecha- 
nism of flunarizine in ameliorating - 
light-induced retinal degeneration ap- 
pears to be the inhibition of inositol 
1,4,5-triphosphate-induced release of 
intracellular calcium. However, far- 
ther studies, including measurements _ 
of intracellular calcium and the study © 
of phosphoinositide metabolism: in- 
light-mediated photoreceptor injury, 
are needed to substantiate this 
hypothesis. 
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Streptococcus sanguis Survival in K-Sol 





Comparison of Gentamicin and the Fluoroquinolone Antibiotics 


Dean S. Glaros, MD; Verinder S. Nirankari, MD; John C. Baer, MD; Sandra A. Bauer 


@-Viridans streptococci are poorly 
covered by gentamicin sulfate in corneal 
storage medium. To evaluate possible 
antibiotic alternatives among the newer 
broad-spectrum fluoroquinolone antibi- 
otics, we compared the survival of 
the viridans representative Streptococ- 


-cus sanguis in K-Sol with gentamicin 


sulfate. (100 mg/L), norfloxacin (250 
mg/L), ciprofloxacin lactate (250 mg/L), 
ofloxacin (250 mg/L), or no antibiotic. At 


23°C, K-Sol with gentamicin produced a 


2-log kill by 80 minutes. By comparison, 
only one of the others (norfloxacin) had 
achieved a 2-log kill by 4 hours. At 4°C, 
all antibiotics differed little from the con- 
trol, and none was superior to 
gentamicin. 

(Arch Ophthalmol. 1991;109:563-564) 


W e previously reported three cases 
of viridans streptococcus endoph- 


<o thalmitis after penetrating kerato- 


plasty in which the organism was 
-also isolated from the donor tissue 
-and gentamicin sulfate-supplemented 


MeCarey-Kaufman medium.’ In the 


same study, we reported laboratory 
evidence that viridans streptococci in- 
oculated into MeCarey-Kaufman medi- 
um with gentamicin sulfate (20 mg/L) 
survive for many hours with little inhi- 
bition of growth. We later showed that 
gentamicin, alone and in combination 
with various antibiotics in K-Sol corne- 
al storage medium, showed only mod- 
erate advantage over antibiotic-free 
K-Sol in the inhibition of viridans 


ee streptococci and that none of the gen- 


~ tamicin combinations was clearly supe- 
`~ -vior'to gentamicin alone.’ 

Inthe current study, we evaluated 
possible antibiotic alternatives among 
the newer broad-spectrum fluoroquin- 
olone antibiotics. Survival of Strepto- 
coccus sanguis, a representative of the 
viridans or a-hemolytic streptococci, 
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was tested in K-Sol containing genta- 
micin, norfloxacin, ciprofloxacin lac- 
tate, oflexacin, or no antibiotic. 


MATERIALS AND METHODS 


The representative viridans-type strepto- 
coccus chosen for this study was S sanguis 
from the American Type Culture Collection 
(ATCC 10556), a well-studied strain origi- 
nally isolated from the blood of a patient 
with bacterial endocarditis (American Type 
Culture Colleetion, Rockville, Md, oral 
communication, March 14, 1988). Our own 
determinations of the minimum inhibitory 
concentration for 90% of isolates (MIC,,) 
demonstrated this strain to be “sensitive” 
to all three of the fluoroquinolones used in 
this study (MIC 16 mg/L for each), as well 
as to gentamicin (MIC,,, 8 mg/L). 

The S sanguis was inoculated into trypti- 
ease soy broth and grown overnight to a 
turbidity of 0.5 McFarland units. The broth 
culture was then centrifuged at 1000 rpm 
for 10 minutes, and the bacteria pellet was 
resuspended in an equal volume of antibiot- 
ice-free K-Sol medium. Aliquots of this bac- 
terial suspension in K-Sol were dispensed 
into standard donor cornea storage bottles, 
and equal volumes of various antibiotic 
stock solutions were added to each to result 
in the following final concentrations at time 
0: gentamicin sulfate, 100 mg/L; norfloxa- 
cin, 250 mg/L; ciprofloxacin lactate, 250 
mg/L; ofloxacin, 250 mg/L; or no antibiotic. 
The 100-mg/L gentamicin sulfate concentra- 
tion tested is the standard for K-Sol as well 
as other corneal storage media prepared by 
most eye banks. The 250-mg/L value chosen 
for the various fluoroquinolones tested is a 
maximized concentration limited only by 
solubility constraints and far exceeds our 
own as well as other published MIC,, data 
for their activity against viridans strepto- 
cocci." 

Calibrated loops were used to plate each 
suspension on blood agar at time 0, 20, 40, 
60, 80, 120, 180, and 240 minutes at 23°C 
and at time 0, 24, 48, 72, and 96 hours at 
4°C. Plates were streaked in duplicate for 
each bottle and time point, and the mean 
number of eclony forming units per millili- 
ter was calculated for each bottle and time 
point. 

Statistical analysis was performed with 
linear models and separate effects for each 
antibiotic, time point, and antibiotictime 
point interaction. 


RESULTS 


At 23°C, there was no reduction in 
S sanguis concentration in K-Sol with- 
out antibiotic (control) after 4 hours 
of incubation (Fig 1). For every 


time point after 20 minutes, bacter- — 
ial concentration in the gentamicin- 
supplemented K-Sol was significantly — 
lower than that in the control or any 
of the fluoroquinolone-supplemented. - 
K-Sol solutions (P<.01). 

At 4°C, S sanguis survival curves- 
were similar for control and any anti- 
biotic-supplemented K-Sol, although 
gentamicin-supplemented medium- 
proved slightly superior to the others: 
in antibacterial activity (Fig 2). This- 
effect was statistically significant by 72 — 
hours (P<.01). : 


COMMENT 


a-Hemolytic streptococci are. fre- 
quently referred to as streptococcus 
viridans, which in fact is nota osin- 
gle species of bacteria but rather a> 
group of streptococci with no serologic: 
specificity. 

Viridans streptococci are common 
ocular contaminants, accounting for 
2.3% to 33% of pathogens isolated from 
donor eyes. Our experience with 
three cases of viridans streptococci 
endophthalmitis after penetrating ker- 
atoplasty, all associated with contam- 
inated donor corneas in gentamicin- 
supplemented McCarey-Kaufman me- 
dium, prompted us to study the effica- © 
cy of various antibiotic regimens in 
corneal storage media. 

Gentamicin is the most widely. used 
antibiotic supplement for corneal stor- 
age media. Its emergence as the stan-. 
dard prophylactic used by eye banks is. 
frequently attributed to the. work of — 
Baum and coworkers,’ who found that 
gentamicin was superior to penicillin G 
or cefazolin in reducing the colony. 
counts of Staphylococcus aureus mè 
McCarey-Kaufman medium at both 
4°C and 23°C." The efficacy of gentami- 
cin against streptococci was not ad- 
dressed in their study. 

We previously showed that gen- 
tamicin-supplemented MeCarey-Kauf- 
man medium was relatively ineffective 
against a “sensitive” strain of un- 
speciated viridans streptococcus un- 
der conditions designed to simulate. 
those encountered by a donor. cornea: - 
cold storage (4°C) followed by warne 
ing (23°C) before penetrating kerato- 
plasty.’ In subsequent. work, we evalu- 
ated various antibiotic combinations in 
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Fig 1.—Mean Streptococcus sanguis concentration vs time at 23°C for K-Sol without antibiotic 
and with gentamicin sulfate (100 mg/L), norfloxacin (256 mg/L), ciprofloxacin lactate (250 mg/L), 
and ofloxacin (250 mg/L). CFU indicates colony-forming units. 
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Fig 2.—Mean Streptococcus sanguis concentration vs time at 4°C for K-Sol without antibiotic 
and with gentamicin sulfate (100 mg/L), norfloxacin (250 mg/L), ciprofloxacin lactate (250 mg/L), 
and ofloxacin (250 mg/L). CFU indicates colony-forming units. 


K-Sol corneal storage medium against 
a panel of common bacterial patho- 
- gens, including viridans streptococci.’ 
Gentamicin sulfate (100 mg/L) alone 
was compared with gentamicin paired 
with penicillin (160 U/mL), cefazo- 
lin sodium (100 mg/L), mezlocillin 
sodium (250 mg/L), or vancomycin lac- 
tate (50 mg/L). At both 4°C and 23°C, 
the combination regimens failed to 
show any advantage over gentamicin 
alone in inhibiting viridans streptococ- 
cus growth in K-Sol. 

Norfloxacin, ciprofloxacin, and 
ofloxacin are representatives of the 
newer fluoroquinolone class of antibi- 
otics. Agents in this class are structur- 
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ally related to nalidixic acid and 
owe their activity to the inhibition of 
bacterial DNA gyrase, an enzyme 
that maintains bacterial DNA in a 


supercoiled state necessary for 
DNA _ replication.*” Įn addition, 
the fluoroquinolones may prevent 


the transfer of bacterial antibiotic 
and resistance factors by eliminating 
bacterial plasmids.” The fluoroquino- 
lones are active against a wide variety 
of gram-negative and gram-positive 
bacteria, including streptococci, and 
show increasing utility as broad-spec- 
trum antibiotics in clinical medicine.” 
In addition, ciprofloxacin has recently 
been studied as a topical ophthalmic 


preparation,” 

Published data for the three fluoro- 
quinolones tested in this study show 
MIC,, values against viridans strepto- 
cocci in the 2.0- to 16-mg/L range, well 
below the 250-mg/L concentration of 
the agents we tested in K-Sol.* Our 
own MIC,, determinations for the par- 
ticular S sanguis strain used in this 
study were similar to the other pub- 
lished data for viridans streptococci: 
16 mg/L for all three of the fluorequin- 
olones tested. Our finding of poor anti- 
bacterial activity even at maximum 
concentrations of fluoroquinolones in 
K-Sol is perhaps explained by the ef- 
fect of some constituent of K-Sol on 
the bacteria or even the antibiotics 
themselves. 

We conclude that at both 23°C 
and 4°C, the fluoroquinolones tested 
are inferior to gentamicin for prophy- 
laxis against a representative viridans 
streptococcus strain in K-Sol corneal 
storage medium. Further studies are 
required to devise new antibiotic regi- 
mens and/or other eye banking tech- 
niques to safeguard against this impor- 
tant cause of endophthalmitis after 
penetrating keratoplasty. 

We would like to acknowledge Kay Dickersin 
for assistance with s tical analysis and Susan 
A. Koch for editorial assistance. 
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@ The structure and distribution of 
-pseudoexfoliation material in extrabulbar 
<. Alssues from five eyes with typical unilat- 
-= eral intraocular pseudoexfoliation syn- 
drome ‘and two intraocularly unaffected 
~ fellow eyes were examined by transmis- 
sion electron. microscopy. in all seven 
eyes, unevenly distributed pseudoexfo- 
--flation aggregates were found in limbal 
f :conjunctivae, extraocular rectus and 
_ oblique muscles, orbital connective-tis- 
- -Sue septa, and the walls of the posterior 
— ciliary arteries, vortex veins, and central 
-- retinal vessels passing through the optic 
— nerve sheaths. Typical pseudoexfoliation 
-fibers occurred in close association with 
= connective-tissue components, especial- 
ly elastic fibers; a moderate predisposi- 
tion of pseudoexfoliation clumps to ac- 
cumulate around biood vessels was ob- 
served. The findings of pseudoexfolia- 
tion material in similar extrabulbar loca- 
tions in intraocularly uninvolved fellow 
eyes indicates that pseudoexfoliation fi- 
ber formation outside the globe precedes 
its intraocular manifestation. The inter- 
lingling.of pseudoexfoliation fibers, mi- 
rofibrils, and elastic and collagen fibers 
suggests that pseudoexfoliation fiber 
-formation might result from a disordered 
. -synthesis and/or assembly of connec- 
__ tive-tissue microfibrils. 
: (Arch Ophthalmol. 1991;109:565-570) 
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P seudoexfoliation (PSX) syndrome is 

a disease of unknown cause, charac- 
terized by formation and deposition of 
fibrillogranular material throughout 
the anterior segment of the eye. Tis- 
sues affected are the anterior lens cap- 
sule, iris, ciliary processes, zonules, 
trabecular meshwork, and anterior vit- 
reous face. The PSX material was 
suggested to be produced by the lentic- 
war epithelium, by iridic and ciliary 
epithelia, and by the trabecular mesh- 
work cells.’ The additional presence of 
PSX material in limbal and palpebral 
conjunctiva as well as in the walls of 
the short posterior ciliary arteries in 
the orbit” indicates that this disease is 
not limited to ocular tissues. 

Ina previous study, we further dem- 
onstrated typical PSX material in vari- 
ous extrabulbar tissues, such as extra- 
ocular muscies, walls of vortex veins, 
and optic nerve sheaths in one patient 
with PSX syndrome, providing further 
evidence that PSX syndrome is not 
exclusively an intraocular phenome- 
non.” Herein, we report the transmis- 
sion electron microscopic findings on 
the structure and distribution of PSX 
material in extrabulbar tissue speci- 
mens from five eyes with typical PSX 
syndrome and from two fellow eyes 
apparently unaffected by macroscopic 
and light microscopic evidence. 


MATERIALS AND METHODS 


Extrabulbar tissue was obtained from 
two eyes (patient ages, 85 and 87 years) 
with clinically diagnosed PSX syndrome 
that were enucleated because of painful 
absolute glaucoma, and three eyes obtained 
at autopsy (patient ages, 75, 77, and 83 
years) with macroscopic evidence of PSX 
syndrome, Two apparently unaffected fel- 
low eyes obtained at autopsy without any 
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_ Electron-microscopic Identification of Pseudoexfoliation 
Material in Extrabulbar Tissue 


macroscopically visible PSX material” on 


lens capsule, iris, ciliary body, and-zonules = 


were also investigated. All eyes were fixed | 
immediately after enucleation or within 5. 
hours after death in a solution of 1% glutar-: 

aldehyde and 4% paraformaldehys de “in 
0.15 mol/L of phosphate buffer (pH 7.2) for’ 
24 hours at 4°C. Specimens of upper limbal 
conjunctiva, the insertions of extraocular 
rectus and oblique muscles at the selera, 
orbital fat adherent to the surface of the 
globe, posterior ciliary arteries and. vortex 
veins adjacent to the “surface. of the globe, | 
and cross-sections of the optie nerve were. : 
prepared for light microscopy and transmis- 
sion electron microscopy. For PSX fiber z 
comparison, specimens of irides and ciliary 
bodies of the same eyes were processed : 
identically. 

After postfixation in 2% buffer ed osmium 
tetroxide for 1 hour, the specimens were. 
dehydrated and embedded in epoxy resin: 
(Epon), Semithin and ultrathin sections. 
were cut on a Reichert-Ultracut (Cam- 
bridge Instruments, Nussloch, Federal Re- 
publie of Germany), stained with toluidine 
blue or uranyl acetate-lead citrate; and- 
examined with a Zeiss EM 9A electron- 
mieroscope (Zeiss, Oberkochen, Federal — 
Republic of Germany). Control tissues-from. ~ 
two age-matched eyes obtained at autopsy 
with no evidence of PSX syndrome in either. ~ 
eye were prepared in the same manner ==> 


RESULTS 
Eyes With Typical 
intraocular PSX Syndrome 


In the five eyes with typical PSX 
syndrome, characteristic PSX material: 
was observed in all of the classic loca- 
tions, including ciliary and iridic epi-. 
thelia, zonules, and iridie and conjunc- 
tival stroma. In the conjunctiva, PSX 
fibers predominantly occurred in asso- 
ciation -with connective-tissue compo- 
nents, especially elastic fibers and con- — 
nective-tissue cells, usually identifiable 











Fig 1.—Pseudoexfoliation (PSX) material in superior rectus muscle of eye obtained at autopsy from an 83-year-old patient 
with PSX syndrome. Left, Cross-section of muscle tissue (1-um semithin section: toluidine blue, x 100); the boxed area 
indicates one localization of PSX material as depicted in the electron mierograph at right. Right, Aggregate of electron- 
dense PSX fibers close to the basement membrane (arrowheads) of a muscle cell ( x 19 370). inset, High-power detail of 
osmiophilic PSX fibers ( x 50 260). 


as fibroblasts. Conjunctival PSX ag- 
gregates were surrounded by thin ey- 
toplasmic processes or were local- 
ized within cell surface invaginations, 
where focal basement membrane de- 
fects could be observed occasionally. 
In addition, PSX aggregates revealed 
a moderate predisposition to accumu- 
late around conjunctival blood vessels, 
but without involvement of endothelial 
cells and their basement membranes. 
In the five eyes with PSX syndrome, 
typical PSX material was also present 
in all of the examined extrabulbar tis- 
sues, although its amount and distribu- 
tion varied considerably. The PSX ma- 
terial was identified by its charac- 
teristic electron-microscopic appear- 
ance as nodular aggregates of random- 
ly oriented, electron-dense fibers of 
indeterminate length; the fibers varied 
in width from 20 to 35 nm, with a 
major cross-banding at about 50 nm. 
The PSX fibers were constantly associ- 
ated with microfibrils 6 to 10 nm in 
diameter with a microperiodicity of 10 
to 12 nm. The material appeared ultra- 
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structurally identical to PSX fibers 
oceurring in intraocular locations. 

Extremely unevenly distributed ag- 
gregates of PSX fibers were typically 
found among normal connéctive-tissue 
components, such as elastic fibers, col- 
lagen fibers, and fibroblasts, of extra- 
ocular rectus and oblique muscles, in- 
cluding their tendinous attachments; in 
fibrous septa separating the orbital fat 
adjacent to the globe; and in the walls 
of the posterior ciliary arteries, vortex 
veins, and central retinal vessels pass- 
ing through the optic nerve sheaths. 
Abnormal material deposits in all of 
these extrabulbar tissues were Bot evi- 
dent by light microscopy. 

Within the loose connective tissue of 
extraocular muscles, clumps cf PSX 
fibers were frequently observed in 
close juxtaposition to the basement 
membranes of the muscle cells (Fig 1); 
the basement membranes appeared, 
however, quite normal and not inter- 
rupted. Furthermore, PSX fibers, in- 
termingled with microfibrils, appeared 
to be specifically related te elastic fi- 





bers and, to a minor degree, to colla- 
gen fibers (Fig 2). Fibroblastlike cell 
processes and cell surface invagina- 
tions were generally associated with 
elastic and PSX materials (Fig 2). Oc- 
vasionally, PSX material accumulated 
in the periphery of capillaries, but 
again without involvement of endothe- 
lial cells and basement membranes. 
Within the densely collagenous tissue 
of the tendinous muscle attachments, 
PSX material had no relationship to 
cellular structures. Instead, masses of 
PSX fibers occurred in association 
with collagen and elastic fibers. 

The fibrous septa separating the or- 
bital fat equally revealed PSX fibers in 
close proximity to elastic and collagen 
fibers. A slight tendency toward accu- 
mulation around blood vessels did not 
imply any remarkable abnormalities of 
endothelial cells or basement mem- 
branes. 

In the walls of the posterior ciliary 
arteries and the vortex veins, PSX 
aggregates were observed between 
the muscular coat and the elastic layer, 
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in association with predominantly elas- 
tic and occasionally collagen fibers as 
well as with smooth-muscle cells (Fig 
3). In the case of PSX fiber accumula- 
tion around smooth-muscle cells, the 
basement membrane of the muscle 
cells appeared focally interrupted (Fig 
4). Endothelial cells and their base- 
ment membranes were not involved 
(Fig 3). 

In the meninges of the optic nerve, 
great amounts of PSX material were 
found in the densely collagenous, peri- 
vascular connective tissue of the cen- 
tral retinal vessels passing through the 
optic nerve sheaths (Fig 5). The PSX 
aggregates were surrounded by cyto- 
plasmic processes of connective-tissue 
cells and revealed a strong affinity to 
collagen fibers. The PSX fibers were 
intermingled with numerous microfi- 
brils (Fig 6). Apart from the vessel 
periphery, accumulation of PSX mate- 
rial within the optic nerve sheaths 
appeared to occur very infrequently 


See 





Fig 2.—Aggregate of typical pseudoexfoliation fibers (arrows) in superior oblique muscle, 
associated with elastic fibers {e} and fibroblast processes (f); co indicates collagen fibers 


{x 19 860). 


Fig 3.—Pseudoexfoliation (PSX) material in the wall of a vortex vein of a surgically enucleated eye of an 87-year-old patient 
with PSX syndrome. Top left, Cross-section through part of vortex vein (1-;.m semithin section; toluidine blue, x 100); the 
boxed area indicates one localization of PSX material as depicted in the electron micrograph at top right. Top right, PSX 
material (arrows) between smooth-muscle cells (sm) and elastic layer (e) of the vein wall; notice intact endothelium (en) and 
basement membrane (arrowheads); v indicates vessel lumen; co, collagen fibers ( x 7930). Bottom left, Association of PSX 
fibers (arrow) and an elastic fiber (e) (x 18 880). Bottom right. High-power detail of PSX fibers: e indicates elastic fiber 


(x52250). 
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and was observed in only one case in 
the outermost sheath, the dura mater. 

The electron microscopic findings of 
PSX material and its association with 
normal connective-tissue components 
in the various extrabulbar tissues are 
summarized in the Table. 


Apparently Uninvolved Fellow Eyes 


In the two macroscopically and light 
microscopically unaffected fellow eyes, 
varying quantities of PSX material 
could be observed by electron micros- 
copy in the same extrabulbar locations; 
the structure and distribution of PSX 
fibers in these tissues closely resem- 
bled that of the eyes with diagnosed 
PSX syndrome. However, PSX mate- 
rial could not be identified by electron 
microscopy in intrabulbar locations, 
such as ciliary body and iris surfaces of 
these eyes. Examination of control tis- 
. sue failed to reveal intrabulbar or ex- 
Fig 4.—Association of pseudoexfoliation fibers (arrows) with elastic fibers (e) and a smooth- trabulbar deposits of any material re- 
muscle cell (sm) in the wall of a vortex vein; co indicates collagen fibers: bn. basement sembling PSX fibers. 
membrane of smooth-muscle cell { » 16 460). 





a a. % ae : = p A E LHP = 


Fig 5. —Pseudoexfoliation (PSX) material in the meninges of the optic nerve of a surgically enucleated eye of an 87-year-old 
patient with PSX syndrome. Left. Cross-section through part of the optic nerve showing dura mater (D), arachnoid (A), and 
pia mater (P) surrounding the completely atrophic nerve fibers (1-1.m semithin section: toluidine blue. x 16); the boxed area 
indicates one localization of PSX material in the perivascular connective tissue of the central retinal vein (v) passing through 
the meninges. Right, Large clump of PSX material (arrow) in the innermost optic nerve sheath, adjacent to the central retinal 
vein (v); arrowheads indicate fibroblast processes surrounding PSX material (= 3920). Inset, High-power detail of 
osmiophilic PSX fibers ( x 25 550). 
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COMMENT 


Our electron microscopic findings of 
typical PSX material in the extraocu- 
lar rectus and oblique muscles, orbital 
connective-tissue septa, walls of vor- 
tex veins, and optic nerve sheaths of 
five eyes with PSX syndrome add fur- 
ther support to the concept of a multi- 
focal production of PSX material in 


various intraocular and extraocular 
locations. Our findings, therefore, 


provide additional evidence that the 
metabolic abnormalities underlying 
the formation of PSX material are not 
exclusively an intraocular phenom- 
enon. 

Pseudoexfoliation material inside 
and outside the bulbus revealed essen- 
tially the same ultrastructural fea- 
tures, which correspond to those of 
previous investigations of intraocular 
and conjunctival locations." Although 
the amount of extrabulbar PSX mate- 











rial varied considerably from one spec- 
imen to another, PSX aggregates were 
always identified on the first section 
examined. The extremely uneven dis- 
tribution of PSX material in various 
extrabulbar tissues could account for 
the fact that extraocular PSX material 
has so far only been observed in 
the conjunctivae and the ciliary arter- 
ies.”” Pseudoexfoliation material was 
searched for but not found in speci- 
mens of optic nerve and superior rec- 
tus muscle.” 

In the present study, abundant de- 
positions of PSX material, intermin- 
gled with mierofibrils, were constantly 
observed in close apposition to connec- 
tive-tissue elements, such as fibro- 
blasts, muscle cells, and elastic and 
collagen fibers. The PSX fibers ap- 
peared to be specifically related to 
elastic fibers in the muscle tissue, or- 
bital septa, and vessel walls. In the 
tendinous muscle attachments and op- 


Fig 6.—Pseudoexfoliation (PSX) fibers associated with collagen fibers in the innermost optic 
nerve sheath, the pia mater; note associated microfibrils among PSX material ( x 24 760). 
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tic nerve sheaths, however, they were 
predominantly associated with colla- 
gen fibers. Furthermore, a moder- 
ate predisposition to accumulation 
around blood vessels could be observed 
throughout all tissues. 

Although numerous studies have 
suggested PSX syndrome to be a dis- 
order of disturbed basement mem- 
brane synthesis,“ PSX material was 
frequently found adjacent to connec- 
tive-tissue elements of the conjunctival 
stroma without involvement of base- 
ment membranes.” In accordance with 
the present study, unevenly distribut- 
ed PSX aggregates were found in rela- 
tion to connective-tissue cells, elastic 
and collagen fibers, and sometimes 
conjunctival vessels. 

A number of recent ultrastructural, 
histochemical, and immunohistochemi- 
cal studies relate PSX fibers to ele- 
ments of the elastic system, such as 
the microfibrillar component of elastic 
tissue (oxytalan),~”” to an elastic mi- 
crofibrillar-associated glycoprotein (fi- 
brillin),” and to elastin.” Pseudoexfo- 
liation syndrome was even suggested 
to be a type of elastosis, possibly 
resulting from abnormal aggregations 
of elastic microfibrillar components.” 
Pseudoexfoliation material was al- 
so supposed to form by a conversion 
of fragmented zonular fibrils under 
pathological conditions.” 

In concert with these findings, the 
electron microscopic observations of 
the present study indicate a strong 
affinity of PSX fibers to elastic tissue, 
and to a minor degree to collagen 
fibers as well. As microfibrils are not 
only components of elastic fibers, but 
also subunits of collagen fibers,” it is 
suggested that PSX material might 
result from the disordered synthesis 
and/or assembly of normally occurring 
microfibrils under certain conditions. 
This conclusion is supperted by an 
ultrastructural study on the formation 
of PSX fibers in the conjunctiva.’ The 
close association of PSX aggregates 
with connective-tissue cells or muscle 
cells indicates their involvement in 
PSX fiber production. Therefore, it is 
suggested that a variety of unrelated 
epithelial and mesenchymal cells may 
have a common metabolic lesion, possi- 
bly related to the aging process, that 
results in the disordered synthesis of 
microfibrillar components at multiple 
sites. It is also conceivable that the 
cells respond to some triggering factor 
mediated by blood (or aqueous), as 
PSX fiber formation often occurs in 
proximity to blood vessels (or aqueous- 
bathed surfaces). Moreover, there is 
clinical and fluorescein angiographic 
evidence that the blood-aqueous barri- 
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er is disrupted.*” However, up to now 
it has not been clear whether the vas- 
cular involvement represents an early 
or late phenomenon in PSX syndrome. 

Pseudoexfoliation material has been 
identified by electron microscopy in 
the conjunctivae of clinically unin- 
volved fellow eyes of patients with 
unilateral PSX syndrome’ as well as in 
eyes suspected to have PSX on the 
basis of clinical signs related to pig- 
ment abnormalities." Our findings, 
which reveal comparable PSX deposits 
in extrabulbar tissues of affected eyes 
and of fellow eyes that are, by macro- 
scopic and light microscopic evidence, 
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The Ocular Effects of Gases When Injected 
Into the Anterior Chamber of Rabbit Eyes 


David A. Lee, MD; M. Roy Wilson, MD; Marc O. Yoshizumi, MD; Michelle Hall 


oe We studied the toxic effects of sulfur 
“hexafluoride and perfluoropropane in 
-comparison with air, balanced salt solu- 


tion, hyaluronate sodium, and aqueous 


humor in a rabbit model. Sixty normal 
pigmented rabbits were studied during a 
period of 4 weeks. The variables studied 
were slit-lamp biomicroscopic examina- 
tion of the anterior segment, intraocular 
pressure as measured by pneumotonom- 
etry, corneal thickness and endothelial 
cell count as measured by specular mi- 
croscopy, lens opacity by Scheimpfiug 
photography, and light and transmission 
electron microscopy. All three gases 
were more toxic to the cornea and lens 
-than were. balanced salt solution, hyalu- 

:ronate, and aqueous humor. However, 
15% perfluoropropane and 50% sulfur 


-< hexafluoride were no more toxic to the 


$ -eye than air was. Therefore, this study 

. suggests that nonexpansile mixtures of 
-perfluoropropane and sulfur hexafiuo- 
ride may be beneficial and relatively safe 
in re-forming persistently flat anterior 
chambers in situations where the use of 
air is being considered. 

(Arch Ophthalmol. 1991;109:571-575) 


iF ong-lasting intraocular gas tampon- 

ade has been used in the past by 
-numerous investigators as a vitreous 
“replacement and adjunct to vitreo- 


>- vetinal surgery. Similarly, air is com- 


-monly used to re-form the anterior 


chamber ina. variety of surgical proce- 


dures. Several studies have been per- 
formed to examine the toxic effects of 
air and various long-lasting gases, such 
as sulfur hexafluoride (SF,), perfluoro- 
propane (C,F,), and octafluorocyclobu- 
tane in the anterior chamber of animals 
and humans.’* Most of these studies 
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have focused on toxic effects to the 
corneal endothelium, and one study 
examined lens toxic effects.* The clini- 
cal usefulness of intraocular gas in the 
anterior chamber has been to protect 
the corneal endothelium from damage 
by intraocular lens implantation at the 
time of cataract surgery.** The use of 
air in the anterior chamber is less 
popular due to the advent of viscoelas- 
tic materials in anterior segment sur- 
gery. However, the use of long-acting 
gases in the anterior segment of the 
eye may be beneficial after glaucoma 
surgical procedures, ie, filtering sur- 
gery” and cyclodialysis, to prevent 
persistently flat anterior chambers re- 
sulting in corneal decompensation, cat- 
aract formation, and anterior syne- 
chiae formation. 

This study was designed to examine 
the toxic effects of air, SF,, and C,F, 
on the corneal endothelium and lens of 
rabbit eyes as measured by specular 
microscopy, Scheimpflug photography, 
and light and electron microscopy. 


MATERIALS AND METHODS 


Sixty normal pigmented rabbits weighing 
approximately 2 kg each were used for this 
study. All of the procedures used con- 
formed to the Association for Research in 
Vision and Ophthalmology resolution on the 
use of animals in research. The rabbits 
underwent a preoperative ocular examina- 
tion consisting of a slit-lamp examination 
with the use of a Kowa hand-held slit-lamp 
biomicrescope, corneal thickness and endo- 
thelial cell count measurements by specular 
microscopy (Heyer Schulte Model HS- 
CEM3, Coopervision Inc, Irvine, Calif), 
lens photography with a Scheimpflug cam- 
era, and intraocular pressure measurement 
by pneumotonometry. Preoperative and 
postoperative ocular examinations were 
performed with the use of topical anesthesia 
with 0.5% proparacaine hydrochloride. 

All animals received general anesthesia 
with xylazine hydrochloride, 20 mg/kg im- 
tramuscularly, and ketamine hydrochloride, 
50 mg/kg intramuscularly, before the injec- 
tion of gas into the anterior chamber. After 
the animal was unconscious, a wire eyelid 


speculum was positioned and one drop- 
of 0.5% proparacaine hydrochloride was: 
placed on the eye for additional local anes- 
thesia. A paracentesis was then. made- 
through the peripheral cornea by means of 
a 80-gauge needle attached to a 1-ce tuber: 
culin syringe. As the needle entered the 
anterior chamber, great care was taken tò 
avoid touching the corneal endothelium, 


iris, and lens. Approximately 0.3 mL of 


aqueous humor was removed from the antee -— 
rior chamber, and gas was then used to- 

refill the anterior chamber. The vertical and: 
horizontal diameters of the gas bubble were 
measured. One eye of each rabbit. was used 

as the treated eye, and the fellow eye was 

used as the control eye. 

The 60 animals were divided into four 
groups of 15 rabbits. The first group of 
rabbits was used for a pilot study. Five 
rabbits underwent aspiration of aqueous’ 
humor from the anterior chamber in one 
eye with reinjection of aqueous humor in 
that eye, and the fellow eye underwent 
aspiration of aqueous humor with injection: 
of balanced salt solution. Another five rab- 
bits had injection of air in one eye. an 
injection of hyaluronate sodium (Healon) in 
the fellow eye. The remaining five rabbits 
had injection of 100% C,F, in one eye and 
air in the fellow eye. Postoperative exami 
nations by slit-lamp biomicroscopy and in- 
traocular pressure measurements by pneu- 
motonometry were performed daily for the- 
first 14 days after surgery, then once: a 
week for the following 2 weeks. One rabbit” 
in each of the three subgroups was killed 
i week, 2 weeks, and 3 weeks after anterior 
chamber injection. On the same day -be- 
fore killing, specular microscopy, Scheimp- 
flug photography, and intraocular pressure: 
measurements were performed on- both: 
eyes of each rabbit. The rabbits were killed 
with the use of pentobarbital sodium, 
35 mg/kg intravenously. After killing, both 
eyes of each rabbit were enucleated and the 
corneas were processed for light and trans- 
mission electron microscopy: For the elec 
tron microscopy, the specimens were post- 
fixed in 1% osmium tetroxide. in 0.1-mol/L 
sodium cacodylate buffer and embedded:in 
100% embedding medium (Spurr). These 


sections were cut onan ultramicrotome: 
(LKB Ultrotome IV) and mounted -on 150- :: 


mesh copper grids. They were stained with 
4% aqueous uranyl acetate for 10 minutes, 
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Fig 1.— Scale used for grading lens photographs taken with the Scheimpflug camera. A score of 0 corresponds to a clear 
lens, while a score of 4 corresponds to a dense cataract. 
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* BSS indicates balanced salt solution; C.F, perfluoropropane. 




















Clear 3 ce tes 3 2 . 4 fm at. eee 
Opacities 1 ae 4 = 3 eZ he, i 5 3 
Corneal endothelial 
cell counts /mm? 
Preoperative 
n EE a a e ole 3 5 5 e & rae 5 
Mean + SD 3112.0 + 253.8 _ 3338.3 + 449.9 3303.2 + 159.2 3283.2 + 202.7 3035.2 È 183.4 2995.6 + 177.4 
Postoperative 
n 2 OP coh 4 EaR 4 2 5 
Mean + SD 3000.5 + 316.1 3474.0 + 2.8 2662.8 + 338.3 ___ 2938.2 + 215.8 2306.0 + 104.74 2782.4 + 182.5 
Corneal thickness, mm 
Preoperative z 
n __ 4 4 5 mela SOS te a a oa 5 
Mean + SD 0.312 + 0.022 0.328 + 0.024 0.340 + 0.020 _ 0.340 + 0.020 0.328 + 0.019 0.326 + 0.021 
Pastoperative 
A 4 4 § _ 5 Baan res 2 5 
Mean + SD 0.335 + 0.025 0.335 + 0.031 0.358 + 0.019 E 0.370 + 0.024 0.355 + 0.021 ue 0.340 + 0.014 
intraocular pressure, 
mm Hg 
Preoperative 
n 4 ees ne 5 DE 5 a 5 E EnS 5 
Mean + SD 16.8 + 3.9 18.3 + 5.4 20.42 15 __20 22 2.2 o 21.8 aa 3 22.4 + 2.5 N 
Postoperative§ 
n 3 3 een Sees Oe 4 = 4 A 
Mean + SD 210+ 1.0 20.0 = 4.0 24.5725 17.8 +47 17.3 + 7.0 2104 1.4 





+C.F, is significantly different (P < .05) from aqueous humor, BSS, hyaluronate sodium, air, (unpaired t test), and air, (paired ¢ test). 
Postoperative is significantly (P < .05) lower than preoperative for CFs. 
§Data are fram either postoperative day 21 or 22 before killing. 


followed by Reynolds lead citrate for 
5 minutes. Sections were viewed and photo- 
graphed with a transmission electron micro- 
scope (JEOL 1000). 

The next group of 15 rabbits received a 
nonexpansile mixture” of 15% CF, injec 
tion into the anterior chamber of one eye 
and Injection of an equal volume of air in the 
fellow eye. After injection, all 15 animals 

-underwent daily slit-lamp examinations and 
intraocular pressure measurements for 
5 days. Then seven of the 15 rabbits were 
killed. Before killing on the 5th day after 
gas injection, specular microscopy and 
‘Scheimpflug photography were done on all 
15 rabbits. The seven killed rabbits had 
both eves enucleated, and the corneas were 
processed for light and transmission elec- 
‘tron microscopy. The remaining eight rab- 
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bits were examined twice a week (approxi- 
mately every 3rd to 4th day} for 3 more 
weeks. Before killing in the 4th week 
after gas injection, specular microscopy, 
Scheimpflug photography, and pneumoto- 
nometry were performed on both eves of 
the remaining eight rabbits. After killing, 
beth eyes of each rabbit were enucleated, 
and the corneas were prepared for light and 
transmission electron microscopy. The cor- 
nea of each eye was bisected with a sharp 
razor blade: one half was fixed in 4% formal- 
dehyde for light microscopy, and the other 
half was fixed in 2% glutaraldehyde in 
buffered phosphate for transmission elec- 
tron microscopy. 

The third group of 15 rabbits had a 
nonexpansile mixture’ of 50% SF, in- 
jected into one eye and air injected into the 












This 


of rabbits 
treated in a manner identical to that of the 
second group of rabbits, half of the rabbits 
being killed 5 days after gas injection and 
the remaining half being killed 4 weeks 
after gas injection. Again, the corneas of all 


fellow eye. group was 





15 rabbits were processed for light and 
transmission electron microscopy. 

The fourth group of 15 rabbits underwent 
the same procedure as the second group of 
15 rabbits; 15% C.F, was injected into one 
eye and air was injected into the fellow eve. 
The follow-up examinations and schedule of 
killing was identical to those of the second 
group of rabbits. 

Corneal edema and lens opacities were 
judged to be either present or absent by 
slit-lamp biomicroscopy. Corneal thickness 
measurements were obtained with the digi- 


Ocular Effects of Gases—Lee et al 























tal pachymeter at the time of specular 
microscopy and recorded. Corneal endothe- 
-Mal-cell densities were calculated by count- 
ing the cells per square millimeter in the 
= photographs taken at the time of specular 
“microscopy. The lens photographs taken by 
‘the Scheimpflug camera were graded on a 
scale of 0 (clear) to 4 (dense cataract), as 
shown in Fig 1. 

Statistical analysis was performed by 
means of analysis of variance to compare 
differences in corneal thickness, corneal en- 
dothelial cell count, lens opacity, and intra- 
ocular pressures between eyes treated with 
air, SF, and C.F, Comparisons in these 
variables were also made between short- 
term (5 days) and long-term (4 weeks) 
= exposure to gas. A probability level of 

P<,05 was considered to be statistically 
significant. 


RESULTS 


“One rabbit died of unknown causes 
in each of the first three groups of 15 
rabbits before the end of their respec- 
tive studies. Also, three rabbits died of 
unknown causes in the fourth group of 
15 rabbits. The cause of death of these 
rabbits was probably unrelated to the 
experimental gas injected. 

The pilot study showed that 
100% C.F, produced significantly more 
corneal edema observed by slit-lamp 
biomicroscopy, lens opacities, and de- 
creased postoperative corneal endothe- 
lial cell counts than did aqueous 
humor, balanced salt solution, hyalu- 
ronate, and air (Table 1). No signifi- 
-eant changes in intraocular pressure 
postoperatively were found. Both gas- 
‘es (air and C,F,) appeared to have 
more toxic potential than reinjected 
aqueous humor, balanced salt solution, 
and hyaluronate. 

The second and fourth groups com- 
pared 15% C.F, with air. No significant 
differences were found between these 
two groups, and so they were com- 
bined (Table 2). The data comparing 
50% SF, and air are also shown in 
Table 2. No significant differences 
were found by slit-lamp microscopic 
-examination of the cornea and the lens 

and by Scheimpflug photography of 
the lens. Corneal endothelial cell 
counts were significantly less after gas 
injection when preoperative counts 
were compared with postoperative 
counts at the time of first and 
second killing for air, 15% C,F,, and 
50% SF.. However, corneal endothelial 
cell counts did not appear to change 
between 5 days after injection (first 
killing) and 4 weeks after injection 
{second killing). 

The corneal thicknesses were signifi- 
cantly increased after gas injection for 
alr, 15%-C.F,, and 50% SF, (Table 2). 


oe It is interesting that the corneal thick- 


_ mess decreased 4 weeks after gas injec- 
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LC Aeee, LBM AMAA AO OOOO OAL NAAN, 
15% C.F, Air 50% SF, Air 
{R Eye) {L Eye) {R Eye) {L Eye} 
Cornea, No. 
Ciear 18 17 8 11 
Edema 10 11 6 3 
Lens, No. 
Clear 14 10 6 8 
Opacities 14 18 8 6 
Corneal encothelial cell 
counts /mm?t 
Preoperative 
n 28 27 14 14 : 
Mean + SD 3119.3 + 214.1 3168.7 + 243.6 3029.4 + 201.8 2929.6 + 196.5 
tst killing i 
n 18 19 11 13 
Mean + SD 2784.9 + 203.1 2794.5 + 286.4 2679.5 + 233.3 2758.5 + 203.9 
2nd kiling 
n 10 10 6 7 
Mean + SD 2876.7 = 198.5 2782.5 + 262.8 2699.3 + 211.1 2651.6 + 128.6 
Corneal thickness, mm} 
Preoperative 
n 28 28 14 14 
Mean = SD 0.319 + 0.013 0.321 + 0.015 0.328 + 0.024 0.329 + 0.027 
4st killing 
n 18 19 t1 13 
Mean + SD 0.357 + 0.030 0.367 + 0.028 0.373 + 0.034 0.343 + 0.031 =] 
2nd killing ee 
n 11 10 6 7 eS 
Mean + SD 0.333 + 0.033 0.347 + 0.032 0.348 + 0.033 0.344 + 6.041 | 
Lens photograph grade 4 
ist killing 
No. of eyes 26 28 14 14 
Grade 
[è] 14 VW 7 & 
1 8 8 4 4 
2 4 3 2 2 
3 oO 5 o 0 
4 3] 1 1 (è 
2nd killing 
No. of eyes 12 12 7 7 
Grade 
o 5 6 4 5 
1 5 2 1 i 
2 1 4 is) 1 
3 1 o 1 ie) 
4 0 ie) 1 Q 
IOP, mm Hg§ 
Preoperative 
n 28 28 14 14 
Mean + SD 23.0 + 4.8 23.8 + 4.3 30.2 + 1.8 29.4 + 1.7 
ist killing 
n 28 28 14 13 
Mean + SD 20.6 + 10.6 18.6 + 10.1 27.4 + 10.6 26.2 + 5.2 
2nd killing 
n 12 12 7 7 
Mean + SD 23.0 + 7.8 22.3 + 8.1 34.4 + 5.4 32.6 + 1.7 


* C.F, indicates perfluoropropane; SF,, sulfur hexafluoride; and IOP, intraocular pressure. 

tSignificant differences (P < .02) between preoperative and first killing and preoperative and second killing 
for both air groups, 15% CF., and 50% SF,, but no difference between first and second killings. 

Significant differences (P < .0045) between preoperative and first killing for both air groups, 15% C.F, and 
50% SF.. Significant differences {P < .046) between preoperative and second killing only for both air groups. 

§Significant differences {P < .008) in intraocular pressure between preoperative and first killing for both air 


groups. 


tion (air, 15% C,F,, and 50% SF,) when 
compared with 5 days after injection. 
However, the corneal thickness 
4 weeks after gas injection was still 
greater than the preoperative corneal 


thickness in all cases. 

The intraocular pressures decreased 
at 5 days after injection compared with 
preoperative. levels, especially for air. 
However, the intraocular pressures 
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Fig 2.— Electron micrograph of corneal endothelium from a balanced salt solution—injected eye 
(original magnification x 18 480). 






Fig 3.—Electron micrograph of corneal endothelium 5 days after air injection into the anterior 
chamber (original magnification x 18 480). 


Fig 4.— Electron micrograph of corneal endothelium 5 days after 15% perfluoropropane injec- 
tion into the anterior chamber (original magnification x 18 480). 


Fig 5.—Electron micrograph of corneal endothelium 5 days after 50% sulfur hexafluoride 
injection into the anterior chamber (original magnification x 18 480). 
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returned to preoperative levels by the 
second killing 4 weeks after gas injec- 
tion for all three gases. 

By the first killing (6 days after gas 
injection), air was entirely absent from 
the anterior chamber in all eyes, and 
15% C.F, was still present in the ante- 
rior chamber of all eyes. Fifty percent 
SF, was entirely absent from the ante- 
rior chamber in two of seven eyes and 
was still present in the remaining five 
eyes. The mean duration for 15% C.F, 
in the anterior chamber was 12.8 days, 
with a range of 8 to 16 days. The mean 
duration for 50% SF, in the anterior 
chamber was 7.2 days, with a range of 
5 to 10 days. 

Light microscopy revealed no corne- 
al abnormalities in the eyes injected 
with aqueous humor, balanced salt so- 
lution, or hyaluronate. From the early 
killing period, some of the eyes inject- 
ed with air, 15% C,F,, and 50% SF, 
showed areas of stromal edema. In- 
flammatory cells as well as edema 
were noted in the stroma of some eyes 
injected with 100% C,F,. Endothelial 
cell proliferation and the appearance of 
new Descemet’s membrane-like mate- 
rial were noted in some of the eyes 
from each gas group from the late 
killing. 

The electron microscopic appearance 
of the corneal endothelium obtained 
from a balanced salt solution—injected 
eye is shown in Fig 2. The endothelium 
and Descemet’s membrane appeared 
normal. In contrast, from the early 
killing, swollen, edematous-appearing 
endothelial cells were noted in some of 
the eyes injected with air, 15% C,F., 
and 50% SF, (Figs 3 through 5). From 
the late killing, a new Descemet’s 
membrane-like material with a second 
endothelial cell layer was noted (Fig 
6). The new endothelial cells appeared 
normal. These abnormal ultrastructur- 
al findings were not consistently found 
in every gas specimen. This is proba- 
bly due to the fact that different parts 
of the cornea were exposed to the 
gases for varying periods of time. An 
attempt was not made specifically to 
section the area of cornea overlying 
the gas bubble because of difficulty in 
reliably orienting the corneas at the 
time of killing and division into halves 
for light and electron microscopy. 


COMMENT 


The toxic effects of air, SF,, and 
C.F, on the morphologic appearance of 
the corneal endothelium in the rabbit, 
cat, and human are well documented in 
the literature.” Rabbit corneal endo- 
thelium is able to regenerate, unlike 
human and cat corneal endothelium’: 
therefore, a rabbit model for corneal 
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Fig 6.— Electron microscopic appearance of corneal endothelium 4 weeks after injection of air 
into the anterior chamber. Similar findings of a new Descemet's membrane-like material and 
second endothelial ceil layer were noted 4 weeks after injection of 15% perfluoropropane and 


50% sulfur hexafluoride. 


endothelial damage has limitations. It 
was found that the rabbit corneal endo- 
thelium is reestablished within 10 days 
of wounding by freezing, and the cor- 
neal thickness returns to near normal 
in’ 4 to 30 days, depending on the 
extent of the injury." We therefore 


~ designed our experiments to measure 


corneal endothelial damage in our rab- 
bit model before endothelial regenera- 
tion occurred at 5 days after gas in- 
jection. We also measured corneal 
endothelial cell damage 4 weeks after 
gas injection to study the effects of 
chronic damage to the endothelium 
from gas. It is possible that different 
types of insults to the corneal endothe- 
lium of the rabbit may result in differ- 
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ent rates of regeneration of the 
endothelium. 

Probably all three gases (air, CGF, 
and SF,) have more toxic potential to 
the cornea than do balanced salt solu- 
tion, aqueous humor, and hyaluronic 
acid when injected into the anterior 
chamber of the eye. Air has been found 
to have a limited but significant toxic 
effect on human corneal endothelium.“ 
Sulfur hexafluoride in combination 
with air has also been found to have 
limited but significant corneal endothe- 
lial toxic effects in humans.” It is 
unknown whether longer-lasting gases 
have greater corneal endothelial toxic 
effects in humans. Toxic effects on the 
corneal endothelium from gas may be 


References 


T. Eiferman RA, Wilkins EL. The effect ofair on 
human cornea: endothelium. Am J Ophthalmol. 
1981;92:328-331. 

8. Matsuda M, Tano Y, Inaba M, Manabe R. 
Corneal endothelial cell damage associated with 
intraocular gas tamponade during pa rs plana vi- 
trectomy. Jpn J Ophthalmol. 1986730 ; 

9. Foulks GN, DeJuan E, Hatchell DL, McAdoo 
T, Hardin J. The effect of perfluoropropane on the 
cornea in rabbits and cats. Arch Ophthalmol. 
1987; 105:256-259, 

10. Wilson MR, Yoshizumi MO, Lee DA, Martin 
W, Higginbotham EJ. Use of intraocular gas in flat 
anterior chamber after filtration surgery. Arch 
Ophthalmol. 1988:106:1345. 

ll. Franks WA, Hitchings RA. Intraocular gas 
to prevent postoperative hypotony following fistu- 
lising surgery. Ophthalmology. 1939;9(suppD:126. 

12. Franks WA, Hitchings RA. Injection of per- 
fluorepropane gas to prevent hypetony in eyes un- 












due to mechanical contact of the gas 
against the endothelial cells or endo- 
thelial deprivation of aqueous humor 
by the gas. It is generally believed 
that the composition of the gas itself is 
not directly toxic to the endothelium. 
Therefore, longer-acting gases may be 
more damaging to the corneal endothe- 
lium because of their longer persis- 
tence in the anterior chamber. This 
very characteristic may be beneficial in 
certain situations after glaucoma sur- 
gery, where the anterior chamber 
needs to be maintained for several 
days, longer than viscoelastic sub- 
stances or pure air can last in the 
anterior chamber. 

This study found significant toxic 
effects on the cornea and lens when 
100% C,F, was injected into the anteri- 
or chamber of the rabbit eye. This was 
probably attributable to the expansile 
properties of this gas. However, when 
nonexpansile mixtures of 15% C.F, and 
50% SF, are injected into the anterior 
chamber of the eye, these gases ap- 
peared to be no more toxic to the 
cornea and lens of the eye than air, 
which is consistent with the results of 
Van Horn et al.’ Therefore, nonexpan- 
sile mixtures of C,F, and SF, may be 
relatively safe and beneficial in anteri- 
or segment surgery when indicated ta 
reform persistently flat anterior cham- 
bers during an extended period. 
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. ‘Synthesis of Extracellular Matrix by 
Macrophage-Modulated Retinal Pigment Epithelium 


èin proliferative vitreoretinopathy, 
macrophages and retinal pigment epithe- 
lial cells are associated with microfibrii- 
-lar matrix proteins in the vitreous cavity, 
but the contribution of this extracellular 
matrix to the pathophysiology is not 
known. We used radiolabeling tech- 
niques on cultured human retinal pig- 
ment epithelial cells to correlate the se- 


oS --gtetion of extracellular matrix proteins 


with macrophage-induced modulation of 
-cell proliferation and morphologic fea- 
tures. Retinal pigment epithelial celis in- 


-= cubated in a macrophage-conditioned 


medium assumed fibrocytelike morpho- 
logic characteristics, grew faster, and 


Le ‘exhibited a decreased cellular release of 


fibrillar and nonfibrillar matrix compo- 
nents. However, due to a simultaneous 


> greater increase in cell numbers in these 


modulated cultures, the total production 
of fibrillar and nonfibrillar maxtrix com- 
“ponents by the culture population was 
increased. 

.. (Areh Ophthaimol. 1991;109:576-580) 


= Macrophages and retinal pigment 
“epithelial (RPE) cells are commen 
participants in the chain of events that 


-characterize proliferative vitreoretino- 


pathy (PVR) In this pathologic con- 
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dition, the RPE cells proliferate to 
form fibrocellular membranes after 
retinal break,”’ penetrating trauma,’ 
or cryosurgery" or, more controver- 
sially, by diapedic migration through 
the undamaged neuroretina in re- 
sponse to a chemotactic stimulus.* 
Stimulated by unknown factors, the 
RPE cells proliferate and undergo 
morphologic changes ultimately to as- 
sume a cell configuration indistinguish- 
able from that of fibrocytes.*” This 
sequence of biochemical and cellular 
events is often preceded and accompa- 
nied by an infiltration of macrophages 
that, through the production of ac- 
tive regulatory metabolites, acts on 
other cells, affecting their growth, mi- 
gration, and morphologic character- 
istics." 

Even though it has been demon- 
strated that macrophage-conditioned 
medium (MCM) can induce metaplastic 
transformation of RPE cells in vitro,” 
a direct effect of macrophage signals 
on the synthesis of collagens associated 
with intraocular fibroplasia has not 
been proved. Documentation of such 
an effect would support the hypothesis 
that macrophage factors are key to the 
development of PVR. Herein we de- 
scribe the production of extracellular 
matrix proteins by RPE cells that have 
been transformed by MCM into cells 
that resemble fibrocytes. 


MATERIALS AND METHODS 
Cultures of RPE 


Retinal pigment epithelial cells were iso- 
lated from human postmortem eyes by a 
method previously described.” In brief, the 
donor eyes were cut circumferentially 
through the pars plana, and the anterior 
segment was removed. The vitreous was 
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aspirated and the retina gently separated 
from the RPE cell layer with fine forceps, 
after which the eye cup was washed in 
Eagle’s minimum essential medium (MEM) 
(Irvine Scientific, Santa Ana, Calif), tryp- 
sinized (0.25% trypsin/0.02% edetie acid; 
Irvine Scientific), and incubated at 37°C for 
45 minutes. Primary cultures were estab- 
lished by gently pipetting the cell suspen- 
sion in the eye cup into a 75-mL tissue 
culture flask containing MEM supple- 
mented with 20 fetal bovine serum (FBS) 
(HyClone, Logan, Utah) with the addition 
of gentamicin sulfate, 40 ng/mL (Irvine 
Scientific), and glutamine, 11 mL/1000 mL 
(200 mmol/L, 29.2 mg/mL; Irvine Scientif- 
ic). The cells were incubated at 37°C in 5% 
carbon dioxide-95% air and passed by tryp- 
sinization when they reached confluency. 
Purity of the cultures was visually checked 
under a phase-contrast microscope. Only 
cultures that exhibited a homogeneous pop- 
ulation of darkly pigmented, polygonal cells 
were used for further processing, Third- 
passage RPE cells were used in all parts of 
the studies. 


Preparation of MCM 


Human peritoneal macrophages were iso- 
lated from ascitic fluid of patients with 
chronic liver cirrhosis by a method de- 
seribed earlier.“ To obtain MCM, cells 
were cultured in serum-free MEM media on 
35-mm petri dishes for 24 hours. Superna- 
tant was centrifuged and stored at — 70°C 
until use. Purity of the cultures was esti- 
mated with anti-human macrophage~speci- 
fice monoclonal antibodies (anti-Leu-M5 
[CD11C]; Becton Dickinson & Co, Mountain 
View, Calif). With this antibody, 85% to 
90% of the cells were stained. Macrophage 
viability, as evaluated by the trypan blue 
exclusion test, was greater than 75%. 


Radioactive Labeling Studies 


Retinal pigment epithelial cells were plat- 
ed at a density of 10.000 to 20000 cells per 
well in 12-well tissue culture plates (diame- 
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„ten 22.) mm per well; Corning Glass 


Works, Corning, NY) with the use of MEM 
supplemented with 10% FBS. To preclude 


- possible interference with plating efficiency 
and cell attachment by the various experi- 


mental media, the same plating medium 
was used in all wells during the initial 24 
hours of culture. At this point, cell numbers 
‘were determined in at least 12 parallel wells 
to verify cell count and to ensure equal 
spreading of cells in each well at the start of 
each experiment. Three groups, six or nine 
wells each, were established and incubated 
with MEM supplemented with agents ac- 
cording to the following protocol: (1) con- 
trol: 2% bovine serum albumin (BSA) (frac- 


“tion V; Sigma Chemical Co, St Louis, Mo); 


(2) experimental: 25% MCM and 2% BSA; 
(3) control: 5% FBS; and (4) experimental: 


-25% MCM and 5% FBS. 


- A 25% concentration of MCM was chosen 


< to achieve a maximal effect on RPE growth 
—-Qmpublished data, B.M., 1988) At con- 
> fluency, all cultures were treated with 0.925 

“MBq of tritiated proline (Amersham, Ar- 


lington Heights, ID. The medium was re- 
moved after 72 hours, and cultures were 
treated with 0.025-mol/L ammonium hy- 
droxide te remove the cells while leaving 
the extracellular matrixes intact. At this 
stage, cell numbers were determined in 
parallel cultures as described below. After 
the ammonium hydroxide treatment, the 
remaining extracellular matrixes were 
treated sequentially for 3 hours with 20 pg 
of trypsin (bovine pancreas, A grade; Cal- 
biochem, La Jolla, Calif), then with 20 pg of 
elastase (type IV, Sigma) and finally with 


$20 pg of protease-free collagenase (type 


a 





VII, Sigma), in accordance with a method 
‘previously described. The radioactivity 
distributed within the different portions of 


‘<:i the extracellular matrixes was estimated by 


liquid scintillation by means of a spectrome- 
ter (Beekman LS 7500). All experiments 
were repeated at least three times with 
different batches of MCM. 


Proliferation Assays 


Retinal pigment epithelial cells were plat- 
ed in 12-well cluster plates parallel to the 
radiolabeling experiments and with the use 
of the same solutions. Cell numbers were 
determined in all wells of all groups at the 
same times that the radiolabeling experi- 


-oo ments were evaluated. Cell numbers were 
estimated three times in each well by 


means of a cell counter (Coulter Electron- 


aes, Hialeah, Fla). Each control and experi- 


mental group consisted of three cultures; all 
experiments were repeated at least three 
times. 


Morphologic Characteristics 


Retinal pigment epithelial cells were cul- 
tured in 12-well plates and divided into four 
groups under the same experimental condi- 
tions as described above. To induce revers- 
ible transformation, medium was replaced 
after 6 days with MEM containing 5% FBS 
in the cultures of both control and ex- 
perimental groups. Cultures were moni- 


tored daily through an inverted microscope 
(Zeiss) Morphologic changes were docu- 


mented by phase photomicrography. 
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Fig 1.— Enriched cultures of human peritoneal macrophages. Left, Homogeneous population of. 
adherent cells appearing singly or in small clusters (phase contrast, original magnification 







x 250). Right, Higher magnification showing numerous intracytoplasmic membrane-bound 
spaces, probably representing vacuoles (phase contrast, original magnification x 990). 


RESULTS 
Macrophage Cultures 


Cultured human macrophages quick- 
ly settled in the medium and spread 
across the petri dishes. They appeared 
morphologically as large cells, some- 
times in clusters, with numerous intra- 
cytoplasmic empty-appearing, mem- 
brane-bound spaces, probably repre- 
senting vacuoles (Fig 1). 


Radiolabeling Studies 


For each enzyme treatment, a com- 
parison of liquid scintillation counts of 
enzyme-digested material was made 
among RPE cell cultures exposed to 
the experimental media and their re- 
spective controls without MCM. The 
cellular release of radioactivity after 
trypsin treatment was slightly de- 
creased in cultures incubated with 
MCM/FBS (P<.07) (Fig 2, top). How- 
ever, the total release of trypsin-sensi- 
tive components by the culture was 
significantly increased in both experi- 
mental groups (Fig 2, top). There were 
65% more trypsin-sensitive compo- 
nents in MCM/FBS-treated cultures 
than in controls (P<.005). The in- 
crease in cultures incubated with 
MCM/BSA was 48% (P<.04). 

The cellular release of radioactivity 
representing collagenase- and elastase- 
sensitive components was lower in 
both experimental groups as compared 
with their controls (Fig 2, bottom). 
The decrease of 13% for the MCM/BSA 
culture was, however, not statistically 
significant. The 39% decrease for the 
MCM/FBS-incubated culture was 
highly significant (P<.001). In con- 
trast to the lower value of cellular 
release in cultures incubated with 
MCM/FBS, the total release of radio- 
activity by the culture was 41% greater 
than that of controls (P<.002) (Fig 2, 
bottom). The small increase in radioac- 
tivity released by the MCM/BSA cul- 
ture was not statistically significant. 
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RPE Cell Proliferation 


Cultures incubated with MCM in 
the presence of 2% BSA exhibited a... 
40% increase in cell growth as comc; 
pared with 2% BSA/MEM controls. : 
(P<.0004) (Fig 3). In cultures incu- 
bated with MCM in the presence of 5% 
FBS, the increase of cell growth,- 
133%, was even more pronounced” 
(P<.0001) (Fig 3). The cell growth 
in control cultures exposed to 5%. 
FBS/MEM was also significantly high- 
er, being 223% greater than control. 
cultures exposed to 2% BSA/MEM 
(P<.0001) (Fig 3). 


Morphologic Characteristics 


The change in extracellular matrix 
formation associated with MCM expo- 
sure was accompanied by a transfor- 
mation of the RPE cell morphologic: 
characteristics. Retinal pigment epi-. 
thelial cell cultures incubated with 5% 
FBS exhibited the typical, mosaiclike 
pattern of slightly irregular cells (Fig 
4, left). Retinal pigment epithelial cells 
incubated with combined MCM and 5% 
FBS rapidly assumed a fusiform, elon- 
gated configuration (Fig 4, center), 
fully developed within 4 to 8 days (Fig 
4, right) At this stage the cellular 
morphologic features were indistin- 
guishable from those of fibroblasts. If- 
the medium in a cell culture exposed to 
combined MCM and 5% FBS was re- 
placed with medium containing 5% 
FBS alone, the cells rounded up and 
the culture pattern reverted to a more 
epitheliallike appearance (Fig 5). The 
most striking change in morphologic 
features was noted in the cultures: in- 
cubated with combined MCM and 5% 
FBS. Cultures incubated with com- 
bined MCM and 2% BSA also exhibited 
similar morphologic changes but to a 
lesser extent (data not shown). The 
altered morphologic features of the 
RPE cells were also reflected in 
the appearance of their extracellular 
matrixes, which appeared somewhat 
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«Fig 2.--Release of tritium-labeled proteins of the retinal pigment epithelial extracellular matrix 
- fromeone representative experiment. Effects of macrophage-conditioned medium (MGM) and 
control medium {C} in the presence of bovine serum albumin (BSA) or fetal bovine serum (FBS) 
-care shown. Each cell culture was labeled with 0.925 MBq of tritiated proline in the presence of 
~ proline-free medium, Front-row.bars represent the release per cell; back-row bars represent the 
total release by the culture. For illustrative purposes and to allow a comparison of per-cell data 
with per-culture data, presented values with SEs are normalized. By multiplying the values with 
-the normalization factors provided after the pattern codes, original values are obtained. DPM 
-~ indicates disintegrations per minute. Top, Radioactive release of trypsin-sensitive components. 
Bottom, Radioactive release of combined elastase- and collagenase-sensitive components. 
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more striated than did those of non- 
transformed cultures (Fig 6). - 
COMMENT | 


Histopathologic examination of clini- 
cally excised material’ has revealed 
the macrophage to be a virtually ubiq- 
uitous cellular component in vitre- 
ous, epiretinal, and retroretinal mem- 
branes. ™™"® Proliferating RPE cells are 
also frequently seen in such mem- 
branes, where “metaplastic RPE cells” 
have been found to produce large 
collagenous fibrils distinguishable by 
their size and their periodicity from 
normal vitreous fibrils.” The involve- 
ment of RPE cells and collagen fibers 
in massive periretinal proliferation, 
now termed proliferative vitreoreti- 
nopathy or PVR, was described in an 
early animal model of retinal detach- 
ment; “pigmented cells resembling 
fibrocytes formed membranes with 
nearby collagen accumulations." Hu- 
man RPE cells also synthesize and 
deposit extracellular matrix proteins, 
including collagens, in vitro. ®™ In the 
extracellular matrix of our RPE cell 
cultures, the radioactive content of 
trypsin-digested material represents 
the synthesis of nonfibrillar proteins, 
including major glycoproteins and pro- 
teoglycans, whereas the radioactivity 
of combined collagenase- and elastase- 
digested material represents the syn- 
thesis of insoluble fibrillar proteins, 
mainly elastin and collagens. ”” 

Many investigators have implicated 
the early and important role of macro- 
phages in initiating, directing, and per- 
petuating the various biochemical and 
cellular events that ultimately lead to 
fibroplasia with collagen deposition. 
Macrophage infiltration always pre- 
cedes collagen formation in experimen- 
tal wound healing.” In a related study, 
antimonocyte serum was used to cause 
monocytopenia, which resulted: in a 
significant delay in collagen deposition 
at the wound site.” Intrastromal injec- 
tion of macrophages results in in- 
creased scar tissue formation in the 
cornea,” and we previously showed 
that intravitreal injection of macro- 
phages produces PVR in the rabbit.” 
From these studies it is apparent that 
macrophages are important to wound 
healing in general and to PVR in par- 
ticular. That macrophages play a ma- 
jor role in PVR is also supported by 
the in vitro observation that MCM 
is a chemoattractant and mitogen for 
RPE cells and induces morphologic 
changes.” 

We found that RPE cell cultures 
incubated with combined MCM and 
serum showed a decreased release of 
fibrillar matrix components from indi- 
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vidual cells (Fig 2, bottom). The cellu- 
lar release of nonfibrillar proteins was 
also decreased, but to a lesser extent 
(Fig 2, top). However, the total pro- 
duction of these proteins by the culture 
was significantly increased because 
there was a large increase in the num- 
ber of cells in these cultures (Fig 3). In 
other words, the 39% decrease in fi- 
brillar protein synthesis per cell and 
the 29% decrease in nonfibrillar pro- 
tein synthesis per cell were more than 
compensated for by a simultaneous 
133% increase in number of cells. Al- 
though we found, in agreement with 
another cell culture study based on 
fibroblasts,” that secretory products of 
macrophages did not increase the RPE 
synthesis of fibrillar proteins per cell, 
the net production of fibrillar proteins 
by the culture population was in- 
creased as compared with that of con- 
trols. These results may apply directly 
to pathologic conditions characterized 
by fibrocellular membrane formation, 
in which there is substantial cellular 
proliferation. 

We also noted that MCM in the 
presence of either serum or albumin 
caused extreme changes in cell mor- 
phologie features. Macrophage-condi- 
tioned medium alone generally did not 
stimulate RPE cell growth. However, 
when MCM was combined with either 
albumin or serum, cell growth was 
stimulated (Fig 3). The addition of 
serum to MCM, as compared with the 
addition of albumin, caused a more 
pronounced effect on proliferation, 
morphologic features, and matrix pro- 
tein synthesis by the RPE cells. From 
these results, it is apparent that ex- 
pression of proliferative and morpho- 
plastic factors of MCM requires cofac- 
tors that are present in serum. 
Albumin can only partially account for 
this serum-derived activity, possibly 
by acting as a carrier molecule. These 
findings correlate with the observation 
that damage to the blood-ocular barri- 
er, with resultant intravitreal leakage 
of serum proteins, aggravates the de- 
velopment of PVR.” It is also likely 
that serum-derived fibrin plays an im- 
portant role under such conditions, as 
fibrin has been shown to cause mor- 
phoplastic changes on human RPE 
cells in vitro.” 

Our study did not identify with cer- 
tainty the principal causes of the ob- 
served RPE cell changes. Neverthe- 
less, our results support the hy- 
pothesis that macrophage secretory 
products regulate, at least in part, 
cellular proliferation, morphologic phe- 
notype expression, and matrix protein 
synthesis of RPE cells, and it is possi- 
ble that macrophages play a complex 
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Fig 3.— Proliferation of retinal pigment epithelial cells at the time of radiolabeling in the same 
experiment as presented in Fig 2. Effects of macrophage-conditioned medium (MCM) and 
control medium (C) in the presence of bovine serum albumin (BSA) or fetal bovine serum (FBS) 
are shown. Open bar at day 0 shows cell numbers at the start of the experiment. Numbers are 
shown with SEs. 









Fig 4.—Left, Human retinal pigment epithelial (RPE) 
5% fetal bovine serum (FBS). Typical, somewhat irregular epithelial cells form a mosaiclike 
pattern (phase contrast, original magnification x 160). Center, Subconfluent human RPE cell 
culture incubated with combined macrophage-conditioned medium (MCM) and 5% FBS exhib- | 
its moderately transformed cells with elongate and fusiform cell bodies (phase contrast, original 
magnification x 160). Right, Confluent RPE cell monolayer of highly modulated, fibroblastlike 
cells. Culture medium was supplemented with MCM and 5% FBS (phase contrast, original 
magnification x 160). 


xs #2 C 2 igs ae aes Zi 


Fig 5.—Left, Human retinal pigment epithelial (RPE) cells 6 days after sparse plating in medium 
supplemented with combined macrophage-conditioned medium (MCM) and 5% fetal bovine 
serum (FBS). Cells are spindle shaped and exhibit fibrocytelike morphologic characteristics 
(phase contrast, original magnification x 250). Right, Same culture 5 days after the replacement 
of MCM-containing medium with medium containing 5% FBS only. Cells have regained their 
typical RPE cell morphologic features, indicating that the transformation is reversible (phase 
contrast, original magnification x 250). 
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Fig 6.—Extracellular matrixes of human retinal pigment epithelial cell cultures after treatment of cellular tayer with a weak 


ammonium hydroxide solution (phase contrast, original magnification x 190). Left, Extracellular matrixes of culture 
incubated with 5% fetal bovine serum. Center, Extracellular matrixes of culture incubated with combined macrophage- 
conditioned medium and 5% fetal bovine serum. Right, Appearance after rubbing off the extracellular matrix with a scraper 


to reveal the culture dish surface. 


role in balancing cell metabolism dur- 
ing ocular wound healing. Macro- 
phages are known to exert chemotactic 
activity on RPE cells,” and, in re- 
verse, RPE cells can exert chemotactic 
activity on macrophages.” This raises 
the possibility that a vicious circle 
of pathophysiologic interactions could 
lead to aggravation and perpetuation 
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of the pathologie changes involved in 
vitreoproliferative disorders. In the 
pursuit of target sites for a pharmaceu- 
tical intervention in this process, it 
seems feasible that manipulation of 
macrophage activation or chemotaxis 
may be one means of controlling the 
initial stages in this form of intraocular 
repair. 
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Photo Essay 


Edited by Malcolm N. Luxenberg, MD 


Color Doppler Imaging of Superior 


Ophthalmic Vein Thrombosis 


Fig 1.— Erythema and swelling of the right upper eyelid and periorbital soft 


left exotropia from amblyopia. 


tissues and chronic 


Fig 2.—Computed tomographic scan of the orbits reveals right periorbital soft-tissue swelling, 
hazy orbital fat, and a dilated superior ophthalmic vein. 
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A 34-year-old man presented with a com- 

plaint of right facial swelling. Visual 
acuity was 20/40 OD and 20/100 OS. Ocular 
examination revealed right periorbital 
swelling with mild proptosis (Fig 1), de- 
creased ocular motility in the right eve, a 
small puncture wound lateral to the right 
orbital rim, and left exotropia from ambly- 
opia. The white blood cell count was ele- 
vated at 17 x 10°/L. Nonenhanced computed 





See also pp 522, 527, 532, and 537. 





tomography showed right periorbital soft- 
tissue swelling, “dirty” orbital fat, and a 
dilated right superior ophthalmic vein 
(SOV) (Fig 2). Magnetic resonance imaging 
with gadolinium further demonstrated en- 
hancement of the right cavernous sinus (Fig 
3). Color Doppler imaging revealed an en- 

; right SOV with absence of Doppler 
shifts, reversal of blood flow in an anterior 
orbital vein (Fig 4), and massive shunting of 
blood into the left SOV (Fig 4). 






COMMENT 


Static imaging techniques (eg, com- 
puted tomography and magnetic reso- 
hance imaging) are limited in their 
assessment of vascular hemodynamics. 
In this case of orbital cellulitis, color 
Doppler imaging clearly demonstrated 
the lack of flow in the SOV, indicating 
complete thrombosis (Fig 4). It further 
demonstrated the reversal of blood 
flow in the anterior orbital veins, with 
collateral shunting of venous blood into 
the left SOV (Fig 5). Detection of 
these subtle hemodynamic changes is 
impossible with static imaging tech- 
niques and would be very difficult with 
pulsed Doppler or duplex scanning 
since the diameter of most orbital ves- 
sels is below B-scan resolution. Al- 
though computed tomography and 
magnetic resonance imaging remain 
essential in the evaluation of most or- 
bital disease, the real-time, dynamic 
nature of color Doppler imaging makes 
it an excellent adjuvant study in the 
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Fig 3.— — Magnetic resonance imaging with penea demonstrates enhancement of the right 


cavernous sinus (arrow). 





= Fig-4.--Color Doppler imaging of the right orbit reveals a dilated Fig 5.—Color Doppler imaging of the left orbit reveais massive dilation 
“superior ophthalmic vein (SOV) with absence of Doppler shifts and of the left superior ophthalmic vein (SOV) from shunting of blood: 
reversal of flow inan anterior orbital vein. through venous collaterals. 
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_ Social Determinants of Cataract Surgery 
Utilization in South India 
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@: A field trial was conducted to com- 


pare the effects of eight health education 


and economic incentive interventions on 


the awareness and acceptance of cata- 
< ract surgery. Cataract screening and fol- 


low-up surgery were offered to more than 


19000. residents age 40 years and older 


in-a probability sample of 90 villages in 
‘south India. Eight months after interven- 
tion, an evaluation was conducted to 
identify those in need of surgery who 
had been operated on. Two principal 
measures of program effectiveness are 
examined: awareness of cataract surgery 
and acceptance of the surgery. The type 


of intervention had a negligible effect on 


awareness of cataract surgery. A multi- 


ple logistic regression analysis revealed 
that individuals who were aware of sur- 
gery tended to be male, literate, and 


: ‘more affluent than those who were un- 


aware of that option. interventions that 
covered the complete costs of surgery 


=had-higher surgery acceptance rates. 


One health education strategy, house-to- 
house. visits by a subject with aphakia, 


“Increased acceptance of the procedure 
--more than others. In a multiple logistic 


regression analysis of acceptance rates, 


=- persons accepting surgery tended to be 


male; other factors were not important in 
explaining variation in acceptance rates. 


-c (Arch Ophthalmol. 1991;109:584-589) 
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Ophthalmology in Other Countries 


espite the increased availability of 

sight-restoring surgery, cataract 
remains the single greatest cause of 
blindness in the world teday. It ac- 
counts for half of the estimated 
28 million blind worldwide,” and 
the problem is especially acute in 
many developing countries. India’s 
estimated 6 million cataract-blind rep- 
resent almost half of the world’s cata- 
ract blindness. 

Because cataract prevalence im- 
creases with age and because life ex- 
pectancy in developing countries is in- 
creasing, the size of the cataract-blind 
population will grow. An estimated 1.5 
million new cases will be added each 
year.’ Even with close te a million 
cataract operations annually in India, 
the size of the backlog of anoperated- 
on patients with cataracts will continue 
to increase." 

The current limits of surgical man- 
power are compounded by health edu- 
cation deficiencies. In many rural soci- 
eties, cataract is often regarded as an 
inevitable and irreversible result of the 
aging process. Misconceptions about 
cataract surgery and its outcome are 
widespread. Even when the patient 
with cataract is well informed about 
surgery, the patient may be unable to 
elect surgery because of obstacles such 
as cost or geographic access. 

Recent studies indicate that the so- 
cial environment in which the patient 
with cataract lives is as important a 
determinant in the decisien to elect 
surgery as is visual status. In India, 
more than 80% of currently blind pa- 
tients with cataracts referred for sur- 
gery did not take advantage of advice 





for surgery during a 2-year follow-up 
period because of economie or social 
constraints.” In Nepal, gender, eco- 
nomic status, and social support have 
been identified as predictors of surgi- 
cal acceptance.” In addition, those 
aware of surgery as a cure for cataract 
tend to be affluent males and to have 
more community resources available to 
them than those unaware of surgery.’ 

A study was conducted to address 
the problem of underutilization of 
cataract surgery in two districts of 
Tamil Nadu, India—Ramanthapuram 
and Madurai. The study was conducted 
under the auspices of the Aravind Eye 
Hospital, a private 1200-bed eye care 
facility based in Madurai, Together 
with its local branches, Aravind per- 
forms more than 37 000 eye operations 
annually. 

The objective of the study was to 
compare the cost-effectiveness of eight 
intervention strategies for increasing 
awareness and acceptance of cataract 
surgery. This article describes the be- 
havior of study subjects relative to a 
range of social and behavioral charac- 
teristics. Study method is described 
elsewhere,” as are the effectiveness 
and cost of the interventions.” 

SUBJECTS AND METHODS 

Four health education approaches, which 
varied the means used to convey messages 
about cataract, were investigated, 

House-to-House Visits 
by an Aphakic Motivator 

Anecdotal information in India indicated 
that patients who had been successfully 
operated on fer cataracts often acted as 
informal motivators for others with cata- 
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racts in their villages. The first approach 
“recruited such individuals and trained them 
for 1 week to screen and motivate patients 
“with cataracts. Each aphakie motivator was 
assigned a village where he (all were male) 
went house to house to screen for cataract. 
For all residents aged 40 years or older, the 
aphakic motivator tested visual acuity and 
screened for cataract. He provided informa- 
tion about cataract and the availability of 
care to patients with cataracts and their 
family members, using his experience as an 
example, 


House-to-House Visits 
by a Basic Eye Health Worker 


The second approach also used house-to- 
house visits, but these were conducted by a 
basie eye health worker. Workers had at 
least a 12th-grade education and completed 


- 3 a 6-week training program in vision assess- 


: ment and basic eye care. These eye health 
‘workers had a higher social status than the 
aphakic motivators (due to their education 
and professional role), but they were less 
familiar to the villagers than the locally 
recruited aphakic motivator. The eye health 
worker performed the same enumeration, 
examination, and surgery motivation as the 
aphakie motivator. 


Screening at Central Location in a Village 


The third intervention adapted a form of 
eye care provision that has been used at 
Aravind for many vears. A screening team 
provided eye screening and basic treatment 
zata central location in a village. In this 

screening, a camp organizer distributed fli- 
-cers-and posters that announced dates for 
the visit by the screening team. A screen- 


- ing team led by an ophthalmologist support- 


ed by two. ophthalmic technicians subse- 
quently arrived at a central site in the 
Village. Screening procedures emphasizing 
detection of cataract were conducted, and 
educational material was provided to pa- 
tients with cataracts and their relatives. 
While printed material was distributed to 
every door, no house-to-house visits were 
made to encourage examination. 


Mass Media Campaign at 
Weekly Marketplaces 


The fourth approach used the local week- 
“dy markets or “Shandis” as the intervention 
-unit. Fhese markets typically serve a group 
of 10 te 16 villages containing from 20 000 to 

40000 residents. These Shandis are tradi- 
tional gathering places for buying and sell- 
ing local items, exchanging information, 
and socialization. Because of their central 
economic and social role in rural India, such 
markets were successfully used to detect 
smalipox outbreaks during India’s national 
smallpox eradication program.” Two oph- 
thalmic assistants visited each market on 
märket day for 4 consecutive weeks. Field 
workers set up a video display from the 
back of a van and attracted attention by 
hand-held loudspeaker and posters. A bat- 
_tery-operated video plaver was used to 
presenta video designed to inform and 
motivate villagers about cataract surgery. 
Visual acuity testi ing and cataract screening 
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were provided at a table near the van. 
Those coming for eye examinations were 
self-selecting; no individual attempts at per- 
suasion were made other than routine 
health education efforts. 

These health education and sereen- 
ing approaches vary on important di- 
mensions (personal-impersonal, traditional- 
modern, informal-formal). However, they 
do not represent all possible combinations 
of these dimensions. Many untried combina- 
tions were expensive (house-to-house visits 
by ophthalmelogists) or impractical (video 
displays in each village). The approaches 
were selected to provide a balanced repre- 
sentation of affordable and practical meth- 
ods that could be used in other rural 
settings. 


Economic incentives 


In addition to variation by education and 
screening method, two economic incentives 
were studied to assess the effect of reduced 
economic barriers on surgical acceptance. 
In all sites, free surgery and free eyeglass- 
es were offered as a partial incentive. In 
half of the sites, free transportation to the 
hospital and free meals during the hospital 
stay were offered as well. The full incentive 
was designed to address two major barriers 
to surgery cited by patients with cataracts 
in earlier studies—the cost of food during 
convalescence and travel to and from 
surgery, 

The four education and screening meth- 
ods were implemented with the two eco- 
nomic incentives. Thus, a total of eight 
interventions are compared. 


Intervention and Evaluation 


The study design used a test/posttest 
measurement design. No measurements 
were made on study subjects prior to the 
test to avoid contaminating effects due to 
the measurement process itself. 

Detailed protocols were developed for 
each of the eight interventions by staff of 
the Aravind Eye Hospital. Training man- 
uals were written for aphakic motivators, 
basic eye health workers, screening van 
staff, ophthalmic assistants conducting the 
mass media interventions, and supervisors 
of staff in each intervention. Posters for the 
screening van and mass media campaigns 
were designed and printed. A puppet show 
was scripted and the performance was re- 
corded on videotape for the mass media 
intervention. Forms for monitoring each of 
the interventions’ activities were developed 
together with systems for recording and 
reviewing intervention progress. Protocols, 
training manuals, and other materials are 
available from the authors on request.” 

A sample of 90 rural villages was selected 
from a list of villages in the two districts 
using area probability sampling methods. 
Ten villages were assigned to each of the 
eight experimental conditions, and 10 were 
used as control villages. Each sh as- 
signed to an intervention was visited by 
appropriate staff and the intervention was 
implemented according to study protocols. 

Approximately 8 months after interven- 
tion, a specially trained evaluation team led 
by an ophthalmologist from the Aravind 








Eye Hospital visited the evaluation seg- 
ment to conduct eye examinations: and re- 
cord history of cataract surgery among the- 
target population. Usual residents. aged 30 
years or older were enumerated, and those 
older than 40 years were asked to come toa 
central site for an eye examination. Ap- 
proximately one third of the enumerated © 
persons came to the central site and -were 
examined by the ophthalmologist. Teams of 
ophthalmic assistants were sent doot to 
door to examine the remaining eligible sub- 
jects in their homes. : 

The examination included assessment of- 
visual acuity and an inspection of the anteri- 
or segment of the eye to determine whether: 
cataract was the cause of visual impair-— 
ment. Vision was assessed at the central 
site using a procedure from the Early 
Treatment Diabetie Retinopathy Study" 
adapted for illiterate populations. The pros 
cedure employs a different sequence of 
symbols for each level of vision, and testing 
at 4-m and i-m distances. At the doorstep, © 
visual acuity was assessed through. the | 
standard “tumbling Æ” technique at 63. 
and 1 m. A person was classified blind/if 
visual acuity was less than 3/60 in the better 
eye, while visual impairment was indicated 
if visual acuity in the better eve was 3/60 or 
more but less than 6/60. a 

Ophthalmologic diagnosis was standard- 
ized by training at the Aravind Eye‘Hospi- 
tal. Ophthalmic assistant diagnosis was: 
standardized through a rigorous training 
program at the hospital and assessed byan: 
observer reliability study. Ophthalmic’ as-; 
sistant diagnosis of cataract, cataract blind- 
ness, and aphakia were in close agreement 
with ophthalmologist diagnosis.” : 

Cataract was diagnosed if any lenticular 
opacities were observed on inspection of the 
lens using a focused light source in a darks- 
ened room. Aphakia was recorded if the 
lens was absent from the visual axis. In 
subsequent discussion, cataract will refer to 
observed lenticular opacities or to the-ab-.. 
sence of the lens. The term is thus useďq asi 
an indication of current observable opacity: 
or of past opacity that was removed by 
surgery. 

Following the eye examinations, study. 
subjects diagnosed as having cataract were 
interviewed by a team member trained in: 
survey interviewing techniques. Three þes: 
havioral measures were derived from inter- 
view and examination data: (1) awareness. of 
cataract surgery, a necessary precursor for 
the procedure; (2) acceptance of surgery; 
and (3) reasons for not having had surgery, 
Awareness of surgery was asked of 17913 
persons who had not previously had sur- 
gery. Acceptance of surgery was assessed 
among 1449 persons who were blind due to 
cataract and recommended for surgery by 
the examining ophthalmologist or who re- - 
ported receiving surgery during the period 
between intervention and evaluation. Some 
of these 1449 persons who were recom- 
mended for surgery and previously unoper- 
ated on were also asked about awareness of- 
cataract surgery. Reasons for not having: 
had surgery were obtained from 1252-per- 
sons blind due to cataract and recommend: 
ed for surgery by the examining ophthal- f 
mologist. 
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Finally, sites in the Market Media inter- 
vention were sampled. with probabilities 
greater than those for other interventions. 
Weights to compensate for these unequal 
chances of selection have been used to 
compute prevalence rates and other statis- 
tics reported subsequently. These weighted 
rates and other estimates refer to the popu- 
lation distribution from which the sample 
was selected. They cannot be applied to the 
various sample size counts presented herein 
to-obtain counts of number of persons with 
given conditions in the sample. 


Hypotheses 


For the purposes of this article, the 
health education approaches and economic 
incentives are viewed as social and econom- 
ie factors that influence knowledge about 
“and. acceptance of cataract surgery. The 
“social distance between the messenger de- 
-livering the health education and the recipi- 
ent varies from small for the household visit 
by the aphakic motivator to moderate for 
© othe household visit by the basie eve health 
_ > worker to very large for the market sereen- 
ing visit. It is hypothesized that awareness 
and acceptance will decrease as the social 
distance increases. It is also hypothesized 
that the full economic incentive will in- 


<3 €rease acceptance. 


In addition to these hypotheses, we ex- 
amine the role of socioeconomic factors. 
Gender has a central role because cataract 
surgery acceptance is much higher for male 

_than female subjects. It is hypothesized 
that gender differences can be attributed 
to, and thus serve as a proxy for, other 


=. socioeconomic factors. The analysis exam- 


ines the separate and joint effects of several 
social factors on gender differences for 
awareness and acceptance. Logistic regres- 
sion is used to compute adjusted odds ratios 
for each factor. 


RESULTS 


A total of 19 151 residents aged 40 or 
“older resided in 19260 study house- 
“holds in 89 sites. (One of the 90 sites 
was-excluded because after sample se- 
< Jection it was discovered to be outside 
of the study area.) Of these eligible 
residents, 96% or 18341 were exam- 
ined, with 27% examined at the central 
site and the remainder examined at 
their. homes, These examination re- 
sponse rates were uniformly high 
across all eight intervention and con- 
trol villages. 

Half (50.3%) of those aged 40 years 
or older had signs of cataract. Cataract 
prevalence increased with age and was 
higher for women (54.2%) than men 
(46.0%). Under the World Health Or- 
ganization definition of visual acuity 
less than 3/60 in the better eye, a 
blindness prevalence rate of 3.6% was 
found in the sample, with 86% of 
the blindness attributable to cataract. 
One-third (5%) of the cataract-blind 
subjects had evidence of previous 
“surgery. 
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Economic 


intervention Incestive 


Surgical Acceptance, 


Surgical Awareness, 


No. (5%) No. (%) 





Aphakic motivator Partial* 


194 (14.4) 1849:(7.9) 





Full} 


147 (33.3) 1491.(6.7) 





Basic eye worker Partial 


151 (20.5) 1862 (5.3) 





Full 


194 (27.8) 1757 (9.3) 





Partial 


126 (18.3) 142+ (16.9) 





Screening van 


Full 


182 (28.0) 1875 (21.4) 





Mass media Partial 


147 (14.3) 2575 (11.7) 





Full 


164 (20.7) 2570 (9.7) 





Control = 





* Partial indicates free surgery and eyeglasses. 


150 (13.6) 1765 (7.6) 


+Full indicates partial incentive plus free transportation and food. 


Surgical Acceptance 


The surgical acceptance rate was 
defined as the percent of the subjects 
with cataract blindness in ene or both 
eyes and eligible for surgery who had 
been operated on within the past year. 
All operations during this period were 
attributed to the interventions regard- 
less of the facilities providing the oper- 
ation. Table 1 presents the acceptance 
rate by intervention category. The 
control group had an acceptance rate of 
13.6%, reflecting the number of pa- 
tients with cataracts who sought sur- 
gery in the absence of any interven- 
tion. The most effective intervention 
was the aphakic motivator with a full 
economic incentive (33.3% acceptance). 
When only a partial incentive was of- 


fered in all health education and 
screening alternatives, acceptance 


rates were lower, dropping most dra- 
matically for the aphakic motivator 
intervention. The aphakic motivator, 
basic eye health worker, and screening 
van approaches offering full incentives 
had acceptance rates that were statis- 
tically different from the comtrol rate. 

The differential effect of the eco- 
nomic incentive precludes statements 
about overall educational approach or 
incentive effects. Multiple comparisons 
in an analysis of variance were used to 
examine which specific interventions 
had statistically higher rates of accep- 
tance. Acceptance rates for the full 
Incentive among aphakie motivator, 
basic eye health worker, anc screening 
van approaches were on average 13% 
larger than for the partia! incentive 
and mass media approaches. In terms 
of the odds of acceptance, the economic 
incentive among these three groups 
was twice as large as that for the mass 
media approach. 


Cataract Surgery Awareness 


Unoperated-on subjects were asked 
if they had heard of cataract. and if so, 


how it could be cured. Since awareness 
of cataract and awareness of cataract 
surgery were similarly distributed, 
only cataract surgery awareness re- 
sults are presented herein. 

Surgical awareness levels by inter- 
vention are shown in Table 1. With the 
exception of screening van sites, the 
interventions appear to have had little 
effect on awareness of cataract sur- 
gery. In fact, awareness in the control 
sites seems higher than in some apha- 
kie motivator and basic eye health 
worker sites, although the differences 
are not statistically significant. 

Unilateral or bilateral blind unoper- 
ated-on patients with cataracts were 
asked why they had not sought sur- 
gery; results for each group are given 
in Table 2. Cost is not the principal 
deterrent to surgery. Instead, beliefs 
that the procedure is not needed or 
perceived lack of social support (ie, 
no one able to take them to surgery) 
were more important considerations. 
Among the unilaterally blind, the most 
frequently cited reason was that they 
did not feel the need or desire to have 
surgery, followed by the reason that 
they did not have time for surgery. 
The bilaterally blind, however, more 
frequently stated that they did not 
have anyone to bring them for sur- 
gery, and that they did not need or 
desire surgery. 

Some differences in the importance 
of various reasons are apparent be- 
tween the sexes. Among the unilater- 
ally blind, men were more likely to cite 
lack of time as a constraint, while 
women more frequently mentioned 
lack of someone to bring them for 
surgery. Among the bilaterally blind, 
men more frequently cited lack of time 
and cost as reasons they remained 
unoperated on. However, women were 
more likely to state that surgery was 
not needed or desired, that they lacked 
a companion, or feared the procedure. 
The need for continued health educa- 
tion is underscored by the finding that 
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No time to attend surgery 

No one to bring me to surgery 17.3 13.3 20.2 
Afraid of surgery 13.2 10.1 15.4 
Unable to afford surgery 13.0 16.3 11.3 
Able to see adequately 12.0 11.4 12.4 
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Cataract not mature enough 
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Bough found 
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: one fifth of the bilaterally blind did not 
wish to have surgery. 


Surgical Acceptance 
-and Socioeconomic Factors 


Gender defines individual social 
roles in most cultures. Persistent gen- 
der differences in surgical acceptance 
«could be an indication of the effect of 
= gender-defined social roles on access to 
surgery. However, gender differences 
could also be confounded with a num- 


Ser of socioeconomic factors. A large 


lumber of potential confounders were 
tly examined with gender. Only 
x—three social and three economic— 
are presented herein: (1) literacy; (2) 
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presence of a bus line in the village (as 
a measure of access to hospital ser- 
vices); (3) occupation of the head of the 
household; (4) ownership of a radio or 
television by a member of the house- 
hold; (5) presence of electricity in the 
dwelling unit; and (6) type of roofing 
material on the dwelling unit. 

Overall, acceptance is substantially 
higher for male subjects, with male 
subjects having 51% greater odds of 
undergoing surgery than female sub- 
jects (Table 3). Each socioeconomic 
factor was added as a predictor with 
gender already present in the model. 
Table 3 shows that when socioeconom- 
ic factors are controlled, the gender 





effect, except. for one instance, p 
sists. For example, when presence of a. 
bus line in the village is added tothe. 
model, the gender odds ratio remains © 
1.51. That is, in all but one instance,- 
the odds of acceptance for men wa 
consistently 50% greater than” for 
women. Je 

For literacy, though, the gender 
fect is weakened. It can no longer. 
statistically distinguished frem an od 
ratio of 1.0. Literacy differences þe- 
tween male and female subjects par-. 
tially explain the overall gender effect. 

These results can also be examined 
from the perspective of whether’ 
six socioeconomic factors explain sur- 
gical acceptance rate variation once 
gender has been controlled. Among:all. 
six, only one economic well-being ind 
cator, electricity in the dwelling unit, 
was statistically (but weakly) associ 
ed with surgical acceptance. House 
holds with electricity have odds: 
acceptance 30% higher than: those 
without. e 

The possibility that gender and each 
of these factors interacted (ie, the ef 
fect of the socioeconomic factor dif. 
fered for male and female. subjects) 
with respect to surgical acceptance 
was also examined (results are- 
not shown herein). In no instance 
were statistically significant interac- 
tions found. Thus, the odds of accep- > 
tance are 31% higher for individuals’ 
living in dwelling units with electric: 
ity, regardless of the gender of the- 
individual. 2 

It is possible that the effects of some. 
of the socioeconomic factors are sup- 
pressed in the models with only a 
single factor and gender present. Fw- 
ther, the combination of all six factors © 
simultaneously may explain the persis- 
tent gender effect. To investigate. 
these possibilities, surgical acceptance 
was regressed on gender and the six 
socioeconomic factors. For the sake of 
completeness, two other factors were- 
added to the model: as a measure of 
social status, caste (with lower easte 
used as a reference group in dummy 
variable coding), and age (with age 40 
to 49 years as the reference group). 
Table 4 presents estimated coeffi- 
cients, P values, and adjusted odds 
ratios for each of these factors in a 
multiple logistic regression model: of 
surgical acceptance. A total of 1449 
individuals eligible for surgery prior to. 
commencement of intervention were 
used in the analysis. 

Only gender is a significant. predic-- 
tor of acceptance in this model. me 
odds of acceptance are still nearly 60% 
higher for male than female suhil ‘ts. 
(odds ratio of 1.45). None of the other 
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Surgical Acceptance 
reren nann, 
P Valuet 


Predictor Beta’ 


Surgical Awareness 
aramean Neenee eeen, 
Beta P Value 





Gender 0.37 .0252 


0.47 





Literacy 0.13 6170 





0.59 





Bus line 0.29 4122 


0.56 





Occupation of head 0.01 .9745 


0.56 





Radio/TV 0.09 -6096 


0.34 





Electricity 0.16 -3307 


0.12 





Roof type 0.03 -8613 


0.23 





Own land 0.16 .3398 


0.08 





Upper caste 0.20 .3393 


0.18 





Middle caste 0.29 .1191 


0.17 





Age, y 
50-59 ~0.10 -7069 


0.04 





60-69 0.11 .6748 





70-79 ~0.13 -6295 





40+ ~0.15 -6790 


* Adjusted for treatment group effects (coefficients not shown). 


: = +Adjusted for clustered sample selection. 
- $OR indicates odds ratio. 


95% Confidence Limits 
premene anaren anea, 





Predictor 


Categories 


Odds Ratio 


Lower Upper 





Literate-i iterate 





M/F 





Bus line-no bus 








M/F 
Agricultural-nonagriculturai 





M/F 





EF radio /TV-F none 





M none-F none 





M radio/TV-F radio/TV 





F electricity-F none 





M none-F none 








M electricity-F none 


F bought-F found 





M found-F found 








M bought-F bought 


< predictors are statistically significant 
predictors of surgical acceptance. 


.. Surgical Awareness and Social Factors 


In most models of health behavior, a 
“necessary precursor for acceptance of 
_-acmedical procedure is awareness of 
‘the procedure itself. All study subjects 
“except those who had evidence of cata- 
-Yact surgery (and were thus assumed 
to be aware of it) were asked a se- 
quence of questions about cataract sur- 
gery. From these questions, an indica- 
tor of surgical awareness was derived. 
The analyses conducted for surgical 
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acceptance were then repeated for sur- 
gical awareness. 

Table 5 presents odds ratios for gen- 
der and the six socioeconomic factors 
with respect to awareness of cataract 
surgery. Again, gender has a substan- 
tial effect on surgical awareness with 
male subjects having odds. of aware- 
ness more than twice as great as fe- 
male subjects. Further, in the pres- 
ence of each of the other factors, the 
gender effect persists. 

For the economic factors, the gender 
effect is more difficult tc interpret 
since, unlike surgical acceptance, sta- 


tistically significant interactions were 
found for each of the economic factors. 
For example, in households with a 
radio or television, men have more 
than four times the odds of surgical 
awareness of women, but in house- 
holds without a radio or television, the 
male odds of awareness are only twice 
as great. 

The effect of several of these factors 
on surgical awareness is, once the gen- 
der effect is accounted for, statistically 
significant. Literacy, for example, is a 
statistically significant predictor of 
awareness when gender is in the mod- 
el. A similar effect occurs for availabil- 
ity of a bus line in the village. For the 
economic indicators, household owner- 
ship of a radio or television increases 
the odds of surgical awareness by 71% 
for women but not for men. 

A multiple regression model was 
also estimated incorporating all six so- 
cioeconomic factors, plus caste and 
age, as predictors of surgical aware- 
ness. Logistic regression coefficients, 
P values, and odds ratios are present- 
ed in Table 4. Owing to the large 
sample size (n=17913), many predic- 
tors demonstrate a statistically signifi- 
cant association with awareness. Men 
have 59% higher odds of awareness 
than women, somewhat lower than ob- 
served in the two predictor models in 
Table 5, but still strongly significant. 
Literacy is now a statistically signifi- 
cant factor, rivaling gender as a pre- 
dictor of surgical awareness. Howev- 
er, bus line is no longer significant. 
Occupation of head of the household is 
significant in the multiple regression 
model even though it was not in the 
two predictor models. Household own- 
ership of a radio or television again 
appears as a significant predictor. 


COMMENT 


No single educational approach ap- 
pears to inerease acceptance of cata- 
ract surgery when an economic incen- 
tive limited to free surgery and 
eyeglasses is offered. When further 
economic barriers to surgery are re- 
moved, particularly transportation and 
meals, three educational approaches 
induced significantly greater accep- 
tance. However, those three approach- 
es varied on important social and psy- 
chological dimensions. The aphakic 
motivator used a health promoter with 
whom the patient with cataract could 
identify, while the basic eye health 
worker used a health promoter who 
was from outside the community who 
had greater educational prestige. The 
screening van did not use personal 
contacts but an intensive community 
education program and the presence of 
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ained ophthalmologists in the 
illage.. Despite these psychosocial dif- 
ferences, none was clearly superior. 

There is clearly a role for local, 
‘informal eye care motivators in rural 
settings. Future studies might seek 
ways in’ which eye care motivators’ 
effectiveness. could be enhanced. For 
example, the intensive public educa- 
~ tion program employed in the screen- 
-ing van intervention might be used 

prior to the door-to-door visit of apha- 

kic motivators or even basic eye health 

workers. Anecdotal evidence indicates 

that the market audiovisual presenta- 

tions were well-received, and use of 
“such presentations during community 
Visits might also improve the effective- 
ness: of door-to-door screening and 
lucation approaches. We speculate 
hat the use of aphakie motivators or 
-basic eye health workers in conjunc- 
“tion with a screening van visit may 
-improve the effectiveness of the inter- 
vention even when full economic incen- 
tives are not provided. 

Strong and persistent gender differ- 
ences are an important factor in the 
consideration of strategies for improv- 

_ ing awareness and acceptance of cata- 
-~~-vact. surgery. Findings herein indicate 
that families are more willing to invest 

. in sight-restoring surgery when there 
i= jg economic abundance in the home, 
sand- they do so more readily for men 
-than women. In India, and many other 
- developing countries, men are the pri- 
“mary wage earners and using scarce 
economic resources for their health 
- -needs is given a higher priority than 
-for female family members. But eco- 
nomic or logistical constraints alone do 
‘not keep-the patients with cataracts 
from surgery since cost was not the 
most frequently cited reason for failure 
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to seek surgery. The importance of 
surgery, time required for recovery, 
and fear of a perceived painful opera- 
tion are all important factors. Gender 
differences among these reasons must 
also be acknowledged. 

These findings underscore the im- 
portance of the social setting in which 
eye care services are delivered. Gen- 
der differences could not be explained 
by other social or economic aspects of 
the individuals. Thus, gender itself, 
and quite likely the social roles defined 
by gender in rural developing coun- 
tries, is an important dimension in 
awareness of and in the decision to 
seek care. Since cataract prevalence is 
higher and literacy rates are lower in 
women than men, the cataract backlog 
will continue to be disproportionately 
female unless health education and eye 
care services are targeted for them. 

The study interventions had a much 
weaker effect on awareness of cataract 
and cataract surgery than they did on 
subsequent behavior. Only the screen- 
ing van sites (which used fliers, post- 
ers, and loudspeakers) were effective 
in disseminating information about cat- 
aract into the community. Given the 
low levels of knowledge observed after 
intervention in aphakic motivator and 
basic eye health worker sites, it seems 
that patients with cataracts did not 
effectively transmit information to rel- 
atives or friends. Information provided 
at weekly markets did not diffuse as 
widely into the community as with the 
village level screening van effort. Al- 
ternative strategies are needed for 
more effective health education. It 
should be kept in mind that the work- 
ers in these programs were primarily 
trained as lay diagnosticians and per- 
suaders, but not as educators. It may 
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be possible. to: train such workers to 
impart information about cataract to 
community members, especially the il- 
literate, the women, and the poor, as 
they screen for cataract. Their près- 
ence at the doorstep could make tar- 
geting of educational effort much more 
effective than the more broadly de- 
signed mass education techniques em- 
ployed in the screening van and mar- 
ket media approaches. The aphakie 
motivator or basic eye health worker. 
could play an important role in increas- 
ing awareness about surgery and re- 
ducing the backlog of cataract blind 
given the proper training. : 

The findings indicate that the person 
who was aware of cataract was more 
likely to be male, literate, affluent, and. 
less isolated, a finding similar to that- 
in Nepal.’ The implication is that at’ 
present, eye health education reaches. 
a more elite segment of the. target | 
population. Health education that tar- 
gets the female, less educated, and 
more isolated villagers i is needed. 
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CALIFORNIA LAB Corp, 500 IOLAB Dr, Claremont, CA 
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to 6/29/91 Sponsor: IOLAB Corp Contact: Tami p 
Willems, IOLAB Corp, 500 IOLAB Dr, Clare- Pacific Coast Oto-Ophthalmol Soc 75th Ann 
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The Ritz-Carlton 
Mauna Lani, Hawaii 
















TOPICS INCLUDE 
Phacoemulsification 
Excimer laser 
Refractive surgery 


























The newest developments Corneal topography 
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Registration Fee: $495 Glaucoma surgery 


For further information contact; 
Emily Varnell 
LSU Eye Center 
; 2020 Gravier Street, Suite B 
‘New Orleans, LA 70112 + (504) 568-6700, ext. 336 













Adv Retina Symp At. Sa»: Francisco Dates: 
SAO/SL to S/AV/9T Hrs Instr: 14 Reg Fee: $450 
Sponsor: Retina Res Fund of St Mary's Hosp & 
Med Ctr Contact: Lorraine Geary, c/o Dr How- 
ard Schatz, 1 Daniel Burnham Ct, No. 210C, San 
Francisco, CA 94109; (415) 441-0906 


An Intro to the Future of Aphakic Correction 
At: San Francisto Date: 5/18/91 Hrs Instr: 6 Reg 
Fee: $225 for phys, $25 for ATPO members, $35 
for tech(s) Sponsor: 3M Vision Care Contact: 
3M Corp; 1-800-543-3643 


Update in Ophthalmol for the Clinician At: 
Stanford Date: 6/1/91 Contact: CE Premis), 
Dept of Ophthalmol, A-157, Stanford Univ Med 
Ctr, Stanford, CA 94305-5308; (415) 723-5517 


Basic Sci Course in Ophthalmol at Stanford 
Univ At: Stenford Dates: 7/1/91 to 8/29/91 Reg 
Fee: $1750 Contact: Basic Sci Course, Peter R. 
Egbert, MD, Dir Dept of Ophthalmol, A-157, 
Stanford Med Ctr, Stanford, CA 94305-5308; 
(415) 725-7269 (Susan Marsh) 






FLORIDA 


Management of Retinal Vascular Disease 
Workshop At: Orlavde. Date: 6/22/01 Reg Fee: 
$400 Contact: Valerie Peterson, Laser Surg 
Educ Group, PO Box 27326, Salt Lake City, UT 
84127; 1-800-245-5229, ext 2036 


An Intro to the Future of Aphakic Correction 
At: Tumpa Date: 4/27/91 Hrs Instr: 6 Reg Fee: 
$225 for phys, $25 for ATPO members, $35 for 


DEPARTMENT OF OPHTHALMOLOGY 


Announces its 


14th Annual Alumni Meeting 
May 31 - June 1, 1991 


Friday, 8:00 a.m. - 5:00 p.m. 
RESEARCH & CLINICAL PRESENTATIONS 
Saturday, 9:00 a.m. - 12 Noon 





A SYMPOSIUM 


GLAUCOMA 2000 


Featuring 


Paul R. Lichter, M.D. 


F. Bruce Fralick Professor of Ophthalmology 
and Chairman, Department of Ophthailmolo 
W. K. Kellogg Eye Center, University of Michigan School of Medicine 


as the Jack S. Guyton Lecturer 





istration fee of $165.00 includes : 
FH & banquet at the Renaissance Center 


Approved for Cat. 1 CME Credit 





For further information Contact: 


David D. Bogorad, M.D. or Leslie J. Fisher, Ph.D, 
Program Directors, Department of Ophthalmology 
Henry Ford Hospital, Detroit, MI 48202 


(313) 876-3241 















Sponsor: 3M Vision Care Contact: 3M 
500-543-3653 


HAWAII 


“Curr Ophthalmol: A Review for the Prac Oph- 
-< thalmologist At: Konuela Dates: 8/5/91 to 

“8/10/91 Hrs Instr: 28.25 Reg Fee: $630 Contact: 
-Bedohnson, USC Sch of Med, 1975 Zonal Ave, 
Los. Angeles, CA 90033; (218) 342-2545; FAX 
(213) 342-2152 


Second Ann West Assn for Vitreoretinal Educ 
Mtg At: Hani Dates: 7/8/91 to 7/10/91 Contact: 
Bev -Hawkyard, North Bay Vitreoretinal Consul- 

cotante, 1260 N Dutton Ave, Suite 160, Santa 
<o Rosa, CA 95401; (707) £ 








-< Ophthalmol Update Course: At: Manna Lani 
:Dates: 12/1/91 to 12/5/91 Reg Fee: $495 Contact: 
Emily Varnell, LSU Eye Center, 2020 Gravier 
St, Suite B, New Orleans, LA 70112; (504) 568- 

. 6700, ext 336 





ILLINOIS 


Automated Visual Fields: Interpretation & Pit- 

falls At: Chicago Date: 4/20/91 Hrs instr: 4 
Sponsor: Dept of Ophthalmol, Northwester n 
Univ Med Sch Contact: Kia Clarkson, 30 
Chicago Ave, Ward 2-186, Chicago, IL 60611; 
(312) 503-9866 





i. An intro to. the Future of Aphakic Correction 

© At: Chicago Date: 6/15/91 Hrs Instr: 6 Reg Fee: 
$225 for phys, $25 for ATPO members, $35 for 
techies) Sponsor:.3M Vision Care Contact: 3M 
Corps. 1-800-543-3683 


KENTUCKY 

479th C. Dwight Townes Memorial Sem At: Lou- 

oo dsville Dates: 5/10/91 to 5/11/91 Contact: Nancy 
o> Redman, Sem Coord, 301 E Muhammad Ali 

oo Blvd, Louisville, KY 40202; (502) 588-5466 


MARYLAND 








50th Anniv Mtg of the Wilmer Residents Assn 
At: Baltimore Dates: 4/25/91 to 4/27/91 Con- 
tact: Jo Ann L. Young, Wilmer 232, The Johns 
“Hopkins Hosp, 600 N Wolfe St, Baltimore, MD 
“21205; (801) 955-2830 


Current Concepts Laser Technology in Retinal 
Disease At: Baltimore Date: 5/11/91 Hrs instr: 
7.5 Reg Fee: $225 for lectures & lab, $100 for 
lectures, $100 for residents & fellows with letter 
verifying status Sponsor: The Wilmer Institute 
af The Johns Hopkins Med Inst Contact: Prog 
Coord, The Johns Hopkins Med Inst, Off of CE, 

“Turner Bldg, 720 Rutland Ave, Baltimore, MD 

21205-2195; (301) 955-2959 





MICHIGAN 












3rd-Ann Ophthalmol Spring Postgrad 
Conf: Lasers. in Ophthaimo!: Applications & 
New Developments. At: Ann Arbor Dates: 
SATA te 5/18/91 Hrs Instr: 13 Contact: Angela 
C. Voeller, Office of CME, G-1100 Towsley Ctr- 
- Box 0201, Univ of Michigan Med Sch, Ann 
rbor, MI 48109-0201; (313) 764-2288 








Ann Alumni Mtg: Res & Clin Presentations 
ae rail Dates: 5/31/91 to 6/1/91 Hrs Instr: 1 

Reg Fee: $165: Contact: David D. Bogorad. 
Dept of Ophthalmol, Henry Ford Hosp, Detroit, 
MI 48202; on) 876-3241 
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t Concepts in Pediatric Ophthalmol & 
smus At: Minneapolis Dates: 4/15/91 to 
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4/16/91 Sponsor: CME, Univ of Minnesota Sch 
of Med Contact: Becky Noren, Registrar, CME. 
Univ of Minnesota Med Seh, Bex 202 UMHC, 
420 Delaware St SE, Minneapolis, MN 55455; 
(812) 626-7600 





Ophthalmic Revis) At: Rochester Dates: 5/10/91 
to 5/11/91 Contact: Postgrad Course, Section of 
CE, Mayo Found, Rochester, MN 55905; (507) 
284-2509 or 1-800-323-2688 








MISSOURI 


Excimer Laser Course, Didactic & Wet Lab, 
With Clin Update on Retinal Laser Therapy At: 
Kausas City Dates: 6/7/91 to 6/8/91 Sponsor: 
Dept of Ophthalmol, Univ of Missouri-Kansas 
City Sch of Med Contact: John W. Irvine, MD, 
Eve Found of Kansas City, 2300 Holmes, Kansas 
City, MG 64108; (816) 881-6150 








31st Ann Washington Univ Spring Mtg & Eye 
Alumni Assn Mtg At: St Louis Dates: 5/10/91 to 
5/11/91 Contact: Kathy Ryan, Washington Univ 
Seh of Med, Dept of Ophthalmol & Visual Sci. 
Box $i 60 S Euclid Ave, St Louis, MO 63110; 
(314) 362-5722 






NEW YORK 


A Clin Day in Ophthalmol: Neuro-Ophthalmol 
Problems: Surg Solutions At: Fas! Elmhurst 
Date: 5/22/91 Hrs Instr: 7 Sponsors: Depts of 
Ophthalmol, Long Island Jewish Med Ctr & 
North Shore Univ Hosp/Cornell Med Ctr Con- 
tact: Ann J. Boehme, Assoc Dir for CE, Long 
Island Jewish Med Ctr, New Hyde Park. NY 
11042; (718) 470-8650 


Fluorescein Workshop At: New York Date: 
4/20/91 Contact: Kimberly Corbin, Course 
Coord, Dept cf Ophthalmol, Manhattan Eye, Ear 
& Throat Hosp 210 E 64th St, New York, NY 
10021; (212) 695-3761; FAX (212) 753-7699 








Eyelid Rejuvenation Symp At: New York Dates: 
5/3/91 to 5/441 Contact: Francine Leinhardt, 
Course Coord, Manhattan Eye, Ear & Throat 
Hosp, 210 E 4th St, New York, NY 10021; (212) 
838-9200; FAX (212) 832-9126 


Manhattan Eye, Ear & Throat Hosp, Dept of 
Ophthalmol Alumni Symp At: New York Dates: 
510/91 to 5/11/91 Contact: Kimberly Corbin, 
Course Coord, Dept of Ophthalmol, MEETH, 
210 E 64th St » York, NY 10021; (212) 605- 
3761; FAX (212) 753-7699 





Pediatric Ophthalmol Symp At: Nev York Date: 
5/25/91 Sponsor: Dept of Ophthalmol, Manhat- 
tan Eye, Ear & Throat Hosp Contact: Kimberly 
Corbin, Course Coord, Dept of Ophthalmel, 
MEETH, 216 E 64th St. New York 10021; (212) 
605-3761; FAX (212) 753-7699 


Diagnostic Imaging of the Eye & Orbit: Ultra- 
sound, CT & MRI At: New York Dates: 5/31/91 
& 6/1/91 Contact: Suzanne Woods, RN, Dept of 

Ophthalmol, The New York Hesp-Cornell Med 

n 525 E 68th St, New York, NY 10021; (212) 





The Fourth Ann Paul Henkind Day Ophthalmol 
Symp: Ocular Trauma At: New York Date: 
6/7/91 Hrs Instr: 6.5 Reg Fee: $225 Contact: 
Danny Flood, Albert Einstein Coll of Medicine/ 
Montefiore Med Ctr, Office of CME, 3301 Bain- 
bridge Ave, Bronx, NY 1467; (212) 920-6674 






Masters of Cataract Surg At: New York Date: 
6/7/91 to 6/891 Sponsor: Dept of Ophthalmoelo- 
gy, Manhattan Eye, Ear & Throat Hosp Con- 
tact: Kimberly Corbin, Course Coord, Dept of 
Ophthalmol, MEETH, 210 E 64th St, New York, 
NY 10021; (212) 605-3761, FAX (212) 753-7699 








Adv in Cornea At: New York. Date: 6/26/91 
Contact: Becky Lewis, Course Coord, Dept of 
Ophthalmol, The New. York Hosp, Cornell) Univ: 
Med Coll, 1300 York Ave, New York, NY 10021: 
(212) 746-2860 ; 


Ann Ophthalmol Conf Featuring the 36th Ann- 
Albert C. Snell Mem Lect At: Rochester Dates: 
4/18/91 to 4/20/91 Contact: Univ of Rochester 
Med Ctr, Office of Cont Prof Edue, 601 Elmwood 
Ave, Box 677, Rochester, NY 14642; (716). 275- 
4392 


15th Ann Sem of the Rochester Eye inst At: 
Rochester Dates: 6/12/91 to 6/14/91 Contact: 
Catherine Sgabellone, RN, Rochester Eye Inst, 
819 Westfall Rd, Rochester, NY 14618: (716) 
461-8427 ; 











Management of Retinal Vascular. Disease. 
Workshop At: Turrytown Date: 4/27/91 Reg 
Fee: $400 Contact: Valerie Peterson, Laser 
Surg Educ Group, PO Box 27826, Sait Lake 
City, UT 84127; 1-800- 245-5229, ext 2036 


N CAROLINA 


The Duke Eye Ctr Spring Symp At: Durka 
Dates: 5/16/91 to 5/18/01 Reg Fee: $150- for 
ophthalmologists, $100 for residents, fellows & 
allied health personnel Contact: George An- 
drews, Duke Eye Ctr, Box 3802, Durham, NG- 
27710; (919) 684-6743 $ 


8th Ann Wake Forest Univ Eye Conf: Adv in 
Cataract Surg At: Winston-Salem Date: 4/26/91: 
Contact: Mary Kirk Huske, Bowman Gray Seh 
of Med, Wake Forest Univ Eye Cty, 30008 
Hawthorne Rd. Winston-Salem, NC 27103; (919) 
748-3971 pene 


OHIO 


Neuro-Ophthalmol 1991 At: Cleveland Date: 
6/7/91 Hrs Instr: 6.5 Reg Fee: $125 Sponsor: 
Dept of Neurology, Div of Neure-Qphthalmol, 
Case Western Reserve Univ Seh of Med & Univ. 
Hosps of Cleveland Contact: John Rus, Office of 
CME, 2109 Adelbert Rd, W-175, Cleveland, OH- 
44106; (216) 368-2409 : 


Ocular, Adenexal & Orbital infections & Infam- 
mation Dis At: Cleveland Dates: 6/13/91 té 
6/15/91 Contact: The Cleveland Clin Educational: 
Found, Dept of CE, PO Box 94977, Cleveland, 
OH 44195-5241; (216) 445-9406 or 1-800-762-8178 


PENNSYLVANIA 


Anterior Segment Symp: The Ann Alumni Oph- 
thalmological Assn Mtg At: Philadelphia 
Dates: 4/18/91 to 4/19/91 Contact: Charlotte 
Beurer, Scheie Eye Inst, 51 N 39th St, Philadel- 
phia, PA 19104; (215) 662-8141. 


Adv Orbital Surg: Techniques & Prac Experl- 

ence At: Pitishurgh Dates: 4/19/91 to 4/20/91 
Hrs Instr: 12 Reg Fee: $950 Contact: CME,: 
Allegheny Gen Hosp, 320 E North Ave, Pitts- 
burgh, PA 15212-9986; (412) 359-4952 






TEXAS 


Saturday Sem Series: Ptosis & Blepharoplasty 
At: Dallas Date: 5/4/91 Hrs Instr: 4 Reg Fee: 350 
Contact: Eleanor J. Goldsmith, EdD, Edue 
Coord, Dept of Ophthalmol, UT Southwestern 

$ rry Hines Blvd, Dallas, TE 

75235-9057; (214) 888-3848 





Management of Retinal Vascular Disease 
Workshop At: Houston Date: 5/18/91 Reg Fee: 


Continuing Medical Education ii 593 








$400 Contact: Valerie: Peterson, “Laser Surg 
Educ Group, PO Box 27826, Salt Lake City, UT 
S4127; 1-800-245-5209 ext 2086 


UTAH 


Management of Retinal Vascular Disease 
Workshop At: Sait Lake City Date: 7/13/91 Reg 
“Fee: $400 Contact: Valerie Peterson, Laser 
Surg Edue Group, PO Box 27326, Salt Lake 
ity, UT 84127; 1-800-245-5225, ext 2036 





VIRGINIA 






“Three. Steps to Phaco At Chantilly Dates: 
SSSA to 4/20/91 Contact: Tami Willems, I0- 
SLAB Corp, 500 IOLAB Dr, Claremont, CA 
SITL 1-800-423-1871, ext 3308 


Next Step to Phaco At: Chantilly Dates: 4/19/91 
to 4/20/91 Sponsor: IOLAE Corp Contact: Tami 
Willems, IOLAB Corp, 500 10. AB Dr, Clare- 
mont, CA 91711; 1-800-423-1871, ext 3398 


Ann Mtg, Virginia Soc of Ophthalmol At: Reston 
‘Dates: 5/10/91 to 5/11/91 Contact: Donna Scott, 

4205 Dover Rd, Richmond, VA 23221, (804) 353- 
2721 


WASHINGTON 


Cornea Update for the Prac Ophthalmologist- 
“4991 At: Seattle Date: 5/11/91 Hrs Instr: $ Reg 
Fee: $110 Contact: Linda Orgel, Virginia Mason 
Clin, DI-CME, Seattle, WA 98111: (206) 223- 











Resident Alumni Days(s) At: Seattle Date: 6/191 

Hrs Instr: 7 Reg Fee: none Contact: Resident 
Alumni Dayle), Univ of Washington (RJ-16), 
Dept of Ophthalmol, Seattle, WA 98195 





W VIRGINIA 


44th Ann Natl Spring Mtg At: White Sulphur 
Springs Dates: 4/25/91 to 4/28/91 Contact: Patri- 
cia Schumann, Conf Coord, Wes: Virginia Acad 
of Ophthalmol, PO Box 6i WVU Health Sei 
Ctr, N, Morgantown, WV 26406; (304) 298-3757 





WISCONSIN 


Curr Concepts in Ophthalmol At: Kobler Dates: 
6/7/91 te 6/991 Hrs Instr: 10.5 Reg Fee: 3 
prior to 4/1/91, $325 after 4/1/91 Sponsor: The 
Eye Inst-Med Coll of Wisconsin & the Wisconsin 
Acad of Ophthalmol Contact: y W. Abr ams, 
MD, Med Coll of Wisconsin, 8709 W W : 
Ave, Milwaukee, WI 53226; (414) 257-5353 














15th Ann Ophthalmol Current Concepts Sem 
1991; At: Madison Dates: 5/6/91 to 5/191 Hrs 





athy Means, CME, 2715 Marshall Ct, Madison, 
WI 53705; (608) 263-6637 





Adv Vitreoretinal Symp At: 
TSM te T/ 
after May 


Milwaukee Dates: 
1 Reg Fee: $400, ky May 15; $450 
$200, residentsfelows Contact: 
William F. ler, MD. Eye Inst/Med Coll of 
Wisconsin, wW consin Ave, Milwaukee, 
WI 53226; (414) 257-5544 

























MEDICAL 


COLLEGE 


OF WISCONSIN 
EYE INSTITUTE 


ADVANCED 
VITREORETINAL 


SYMPOSIUM 


July 25—27, 1991 


The Hyatt Regency 
Milwaukee, WI 


Course Director 
William F. Mieler, M.D., FACS 























Guest Faculty 
Thomas Aaberg, M.D. 
“Atlanta, GA 

George Blankenship, M.D. 
Hershey, PA 


Stanley Chang, M.D. 
New York, NY 


Antwerp, Belgium 






Harry W. Flynn, M.D. 
Miami, FL 


Brooks McCuen, M.D. 
Durham, NC 


Michael T. Trese, M.D. 
Royal Oak, MI 


Relya Zivojnovié, M.D. 
























! Gary W. Abrams, M.D. 
Thomas C. Burton, M.D. 







Vitreoretinal Faculty, The Medical College of Wisconsin 
Dennis P. Han, M.D. 
William F. Mieler, M.D. 
REGISTRATION LIMITED « CME Credits Available 
Early Registration (by 5/15/91)-$400 
Late Registration—$450 Residents/Fellows—$200 
For further information, contact: William F. Mieler, M.D. 


Eye Institute / Medical College of Wisconsin 
Z W: Wisconsin Ave. Mibvaukee, WI 53226 © (414) 257-5544 


Dept. P.R 






US.A. 






Name 





Ann Arbor, MI 48106 





FOREIGN 


17th Ann Mtg/The American Assn for Pediatric 
Ophthalmol & Strabismus Ati AMovtrea!, Que- 

bec, Canada Dates: 5/15/91 to 5/19/91 Contact: 
Tricia Stevens-Petra: 5 Twin Ridge Lane, 
Richmond, VA 2 (S04) 320-2883 






Canadian Implant Assoc 17th Ann Mtg At: 
emrei, Quebec, Cuneda Dates: 6/14/91 to 
8/15/91 Contact: Marvin L. Kwitke, MD. Prem 
Chaiehan, 5591 Cote des Nei Rd, Montreal, 
Quebec, Canada, H8T 1Y8: (S14) 785-1138 






Sth Internat! Contact Lens & Anterior Segment 
Conf At: Toronto. Onterio, Canada Dates: 
4/26/91 to 4/28/91 Contact: Harald A. Stein. MD, 

40 Prince Arthur Ave, Torento, Ontario, Cana- 
abs M3R LAS, (416) 966-3336 





The 24th Panhellenic Ophthalmological Con- 
gress With Internati Participation: Technology 
in Ophthaimol At: Corfu, Greece Dates: 5/24/91 
to 4/27/91 Sponsor: Hellenic Ophthalmological 
Soc Contact: President, Prof S. Liarikos, Seere- 
tariat of the 24th Panhellenie Ophthalmologieal 
Congress, 16, Loukianou St, 106 75 Athens, 
Greece; Tel: (01) 72.30.8541 & 7228.784; FAN: 
(01) 72.18. 276 










Fourth internat! Cataract, Implant, Microsurg & 
Refractive Keratoplasty (ICIMRK) Mtg At: 
Seoul, Korea Dates: 5/8/91 to SA0 Contact: 
Jae Ho Kim, MD, mept of Ophthalmol, Kangnam 
St Marys Hosp, Cathalie Univ Med Coll, 5 
Banpo-dong, Se ocho-ku, Seoul L 
Tel: 33-5141, 612 (ext 15 FAX: 82-2- 











this lication 
is available in 


Please send me additional information. 
University Microfilms International 
300 North Zeeb Road 


18 Bedford Row 
Dept. P.R. 

London, WC1R 4EJ 
England 
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CLASSIFIED 
INFORMATION 


Regular Classified 1Time 3Times 

or more* 
Cost per word $1.05 $ 95 
Minimum ad: 20 words. per issue 


“In order to earn the three-time rate, your ad must be placed 
and prepaid at the same time for three or more issues. 


Counting Words: Two initials are considered 
one word, each abbreviation is considered 
one word, and figures consisting of a dollar 
sign and five numerals or less are considered 
one word. Cities and states consisting of two 
words or more are counted as one word: i.e., 
“New York” and “Salt Lake City.” Zip code is 
considered one word and must appear in all 
ads.: Telephone number with area code is 
considered one word. When box numbers are 


ised for replies, the words “Box ——— , c/o 
AOP” are to be counted as three words. 

-Classified Display 1 Time 3 Times 

Full page $655 $603 

Two-thirds page 561 516 

| One-half page 495 456 

| One-third page 393 362 

z4- One-sixth page 262 241 

Column inch 90 75 


Minimum display ad: one column inch 
“| 12-time and 24-time rates available on request. 


=F- Display Production Charge: The publication 

}-will pub-set advertisements upon request. 
The typesetting fee is 10% of the one-time ad 
cost shown above. Special requests will be 
billed to the advertiser and/or agency at the 
then prevailing rates. 





epee: 


Closing Date 


(|. The 25th of the second month prior to issue 
date. Example: The November issue closes 

“September 25th. No ads can be cancelled 
| after the closing date. 


Send all copy, correspondence, production 
materials and payments to: 


ARCHIVES 


Ophthalmology 


Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 


For assistance with your ad schedule call toll free: 
a 800-237-9851 O 813-443-7666 





















- Professional Opportunities 


SOLO PRACTICE—General ophthalmology. Profit- 
high. per. capita income west Texas. Modern 
‘equipment, minor operating suite, microscope, 
“ultra sound, microsurgical instruments. Two hospi- 
-tals, good schools, college and university. High 
practice expansion. potential in pediatrics and 
< Surgery. Box #635, c/o AOP. 


assified Advertising 


Ail classified advertising orders, correspondence and payments should be directed to: Archives of Ophthaimology. P.O. Box 1510, 
Clearwater, Florida 34617. Our telephone numbers are: 800-237-9851; 813-443-7666. Please do not send classified ads, payments or 
related correspondence to the AMA headquarters in Chicago. This causes neediess delay. 


inquiries about “BOX NUMBER” advertisements: All replies must be in writing and must cite the box number in the ad. Example: 
. c/o AOP, P.O. Box 1510, Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish-their 
mail sent in care of Archives of Ophthalmology. 











MAINE — Exceptional opportunity for BC/BE oph- 
thalmologist to join established ophthalmology 
practice in beautiful northern New England. Refer- 
ral base 400,000 with 120,000 in immediate area. 
Wide ranging cultural, academic and recreational 
opportunities. Modern, well equipped office adjoin- 
ing growing medical center with extensive diagnos- 
tic and laboratory services. Association with oppor- 
tunity for partnership. Send CV to: Jean H. Tibbetts, 
MD, Suite 230, 417 State Street. Bangor, ME 04401. 


BUSY OPHTHALMOLOGIST (with cornea sub- 
specialty) looking for associate. Beautiful town of 
Lancaster, Peansyivania, with latest diagnostic and 
OR equipment. 14 hours from Philadelphia and 
Baltimore. Fally automated office. Unusual op- 
portunity for exciting practice and ideal family 
life-style. For further information. send CV and 
salary expectations to: Barton L. Halpern, MD. 
1532 Liutz Pike. Lancaster, PA 17601. 





VITREO-RETINAL SURGEON: A widely respected, 
rapidly growing general specialty ophthalmology 
clinic is seeking a retinal specialist interested in 
a medical/surgical practice. Backed by a fully 
equipped retinal department with full-time RN and 
photographer, we offer a large, state-of-the-art 
modern practice with multiple offices and a large 
new hospital. Practice is located in an ‘All American 
City’ with fine school systems and multiple recrea- 
tional opportunities. Please send CV to: Sharon 
Biaschka, Eye Clinicial of Wausau, S.C., 614 First 
Street. P.O. Box 689, Wausau, W! 54402-0689. 


Moses OPHTHALMOLOGIST 


WASHINGTON 
Clinic The Moses Lake Clinic, a divi- 
sion of Wenatchee Valley Clinic, 
is seeking a general ophthalmologist to join a busy estab- 
lished practice. Excellent surgical volume. Guaranteed 


salary and partnership track available. Excellent benefit 
package. Family oriented community with a large rural 
service area. Abundant four-season recreational oppor- 


tunities. Contact: 


R. Bennion, MD 
Moses LAKE CLINIC 
840 Hill Avenue, Moses Lake, WA 98837 





HUTCHINSON CLINIC, 2101 North Waldron, 
Hutchinson, KS 67502. (316) 669-2626. A forty-two 
physician multi-specialty group practice serving 
central and western Kansas is seeking a board- 
eligible or -certified ophthalmologist as the second 
member in a growing. busy practice. Existing serv- 
ices include glaucoma testing, visual fields, flouros- 
cein angiograms, cryopexy, and contact lens dis- 
pensing. Specialties provided by the group to 
support a busy eye practice include family practice. 
internal medicine, neurology and pediatrics. Ancil- 
lary services include diagnostic x-ray, CT, MR anda 
comprehensive medical laboratory which is state 
licensed and Medicare certified. An excellent oppor- 
tunity in a dynamic practice 45 miles from Wichita. 
Hutchinson Clinic is located across the street froma 
modern, well equipped and staffed 230-bed hospi- 
tal. Please send your CV to: Administrator, Hutchin- 
son Clinic. Position open immediately. 





CORNEA: Cornea group seeks associate for high 
volume surgical practice, limited to cornea and 
external disease. Fellowship required. Contact: 
Theodore Peri, MD, Cornea! Associates of New 
Jersey, (201) 736-1313. 


PLEASE NOTE —Address replies to box number 
ads as follows: Box number, , c/o AOP, 
P.O. Box 1510, Clearwater, FL 34617. 





PEDIATRIC Ophthalmologist — Ophthalmologist: 
with sub-specialty training in pediatrics is sought for 
full-time position available July 1, 1991 in the: 
Department of Ophthalmology, North Shore Uni- 
versity Hospital-Cornell University Medical College, 
Manhasset, New York. Applicant qualifications 
include: completion of approved ophthalmology 
residency, completion of appropriate fellowship. 
board-certification or -eligibility and qualified. to` 
secure a New York State license. Duties will include 
teaching residents, patient care and research. Aca- 
demic rank and salary will be commensurate with 
experience. Please forward your CV to: Samuel 
Packer, MD, Professor and Chairman, Department: 
of Ophthaimology, Attention: Patricia Guterman; 
North Shore University Hospital-Cornell University 
Medical College, 300 Community Drive, Manhasset, 
NY 11030. An equal opportunity employer. M/F/H/V. : 





MIDWEST RETINA PRACTICE in major metropoli- 
tan area seeks another associate. Excellent facilities 
with academic affiliation. Send resume in confi- 
dence to: Box #637, c/o AOP. 





WANTED — VA Chief of Ophthaimology, Assistant 
or Associate Professor. General ophthalmology 
skills with subspecialty training. Time available for 
practice and/or research. Salary depending on 
experience. Contact: John Hoepner, MD, Chairman, 
Opnthaimoiogy, SUNY Health Science Center, Syr- 
acuse, NY 13210. 





NEURO-OPHTHALMOLOGY FELLOWSHIP avail- 
able for 1991-92, beginning July 1, 1991. Salary and“ 
benefits paid. Qualified candidates should respond: 
with current CV to: B.K. Farris, MD, Dean A. McGee 
Eye Institute, University of Oklahoma HSC, Depart- 
ment of Ophthalmology, P.O. Box 26901, Oklahoma ` 
City, OK 73190-2008. 





COMBINED FELLOWSHIP in Eye Pathology and 
Molecular Ophthalmology — One fellowship posi- 
tion for one or two years combined training in Eye 
Pathology and Molecular Ophthaimology beginning 
July, 1992, is offered at the University of lowa fora 
physician who will have completed a residency in 
either ophthalmology or anatomic pathology before 
the fellowship commences. The goals of this pro-: 
gram are: (1) competency in diagnostic ophthalmic 
pathology. modern laboratory management, and 
data retrieval techniques; and (2) acquisition of 
investigative techniques that will permit graduates of 
this program to pursue careers in experimental_oph- 
thalmic pathology and molecular ophthalmology. 
The fellow will receive formal training in research 
microscopy (scanning and transmission electron 
microscopy and confocal laser microscopy), immu- 
nopathology. cytology. in-situ hybridization, chromo- 
somal linkage analysis, Southern blotting, polyme- 
rase chain reaction, DNA sequencing and denaturing 
gradient ge! electrophoresis. The feliow is expected 
to participate in externally funded experiments in 

ocular carcinogenesis and molecular genetics. The 
fellow will be instructed in the methods and. art of 
teaching ocular pathology and molecular. genetics 
and will be exposed to innovative teaching tech- 
niques. Opportunities for clinical activities are also 
possible. The University of lowa is an affirmative: 
action, equal opportunity employer. Minorities. and. 
women are encouraged to apply. Address inquiries 
to: Robert Folberg, MD, Professor of Ophthalmelogy 
and Pathology, Room 233MRC, University of lowa; 
lowa City, IA 52242. 














CORNEA FELLOWSHIP: A ONE-YEAR fellowship 
in cornea and external-disease is offered which will 
provide significant medical and surgical training. 
Surgical experience will include corneal transplan- 
tation, intraocular lens exchange, keratomileusis, 
lamellar keratoplasty procedures, ‘hydrogel inlays, 
and keratoprosthesis. Involvement in current and 
new research activities is encouraged. Interested 
applicants contact: Francis W. Price, Jr, MD, or 
-.L Wiliam E. Whitson, MD, Corneal Consultants of 

Indiana, 9002 North Meridian. Street, Suite 100, 
indianapolis, IN 46260. 























FOREIGN MEDICAL GRADUATE: Trained at top 

UK-hospitals, Excellent CV, six years experience in 

t allsurgicalt-specialties in Ophthalmology. Wide sur- 
“gical experience. Have ECFMG, green card hoider, 

‘seeks residency or other appropriate position, ref- 
erences available. Box #640, c/o AOP. 





OREGON—Suburban Portland general ophthal- 
| mology practice for sale. Associate shares expenses, 
six-figure earnings on 3-4 day workweek. Call: (503) 
228-5336, evenings or weekends. 


“PRACTICE FOR SALE — Established general oph- 
-thalmology practice. available in southern Califor- 
nia, San Fernando Valley. Call: (818) 783-6536. 






















“SPECIAL: AO GIANTSCOPE corded with trans- 
former: $595. Topcon LMP.5: $795. HO 12603 Lans- 
“-ometer: $995. M603B Lensometer: $695. Model 70- 
B&L Vertometer: $1,450. All above reconditioned 
and. warrantied. Belrose Refracting Equipment 
Company, 3734 Oakton Street, Skokie, IL 60076. 
(708) 675-2300. 








Ophthalmology 
Faculty Positions 


The Department of Ophthalmology 
and Visual Sciences at Texas Tech 
University Health Sciences Center is 
seeking persons fellowship trained in 
the following areas to join our rapidly 
expanding ophthalmology program: 





a Pediatric ophthalmology 
a Neuro-ophthaimology 
a Retina and vitreous 

a General ophthalmology 


Academic teaching and research 
activities are vital components of these 
positions. The successful candidate 
must be board-certified or board- 
eligible. Salary and benefits are 
commensurate with training and 
experience. Interested individuals 
should contact: 


_-DONALD R. MAY, MD, F.A.C.S. 
= Professor and Chairman 

Department of Ophthalmology 
i & Visual Sciences 

= TEXAS TECH UNIVERSITY 
HEALTH SCIENCES CENTER 

Lubbock, TX 79430 

(806). 743-2412 
FAX: (806) 743-1782 






































































Positions Available 


VITREORETINAL 
FELLOWSHIP 


Beginning July 1, 1991 
and January 1, 1992 

















Training program from 12 to 24 months. 
Includes extensive experience with medical and 
surgical diseases, clinical research and oppor- 
tunities for basic research. 








Respond to: 


James E. Puklin, MD 

KRESGE EYE INSTITUTE 
WAYNE STATE UNIVERSITY 
4717 St. Antoine 

Detroit, Michigan 48201 

(313) 577-1354 





We Target The Physician 
You Want! 


The Archives of Ophthailmology’s classified recruitment section will deliver 
your message to exactly your target audience — all ophthalmologists. A total 
specialized physician audience of over 20,000. 


Send us your advertising order today. Just complete the coupon below and 
attach your typewritten copy. The next available issue is June which closes 
Thursday, April 25th. For complete advertising rate information, please see the 
first page of this section. 

——-— ORDER FORM ——— 


insert my ad 








times, beginning with the ——— 








Place my ad under the heading sass phi ete on te Sats 





Enclosed is my check for $ . Tz 
of my advertising schedule. 


. to cover full payment 





institution 





Contact Person __ 
Address 5 
City State Zip . 
Telephone Number sees, 














Authorized Signature oes 
Send all copy and payments to: 





ARCHIVES Classified Department 
‘ P.O. Box 1510, Clearwater, Florida 34617 
Ophthalmology National (800) 237-9851 0 Local (813) 443-7666 
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BUT RETIREMENT 
ULTIMATELY REACHES 
OUT TO ALL OF US 


When should | retire, how do | retire, 


where should I retire, what does it 
“cost,” have | saved enough, what 
will inflation do to me, what can | do 
in my spare time, what do others do 
in retirement, can my spouse 
“stand” me in retirement, can my 
spouse “retire” also? 


DON’T TURN YOUR 
BACK ON THESE 
QUESTIONS... 


someday they will have to be 
answered, 


THE AMERICAN 
ASSOCIATION 
OF SENIOR 
PHYSICIANS 


can help you get more out of your 
later years—medical retirement is 
our specialty, our ONLY specialty. 
Get practical, authoritative, 
knowledgeable information to assist 
you in YOUR retirement. 


* Bimonthly Newsletter 

è Retirement Planning Seminars 

* Literature Resource Center 

© Part-time work or volunteer 
ideas 

s Interesting travel opportunities 

© Health Insurance - 

| ° Various medical magazines, 

| auto rental & hotel discounts 

*® Guidelines for disposing of a 
practice 

pra membership application and 

iore details, write or call: 


American Association 
A of Senior Physicians 


515 N State 
S Chicago, IL 60611 
B 3l fet: 2460 















Polytrim® Ophthalmic Solution Sterile 
(trimethoprim sulfate and polymyxin B sulfate) 


INDICATIONS AND USAGE: Polytrim Ophthalmic Solution is 
indicated in the treatment of surface ocular bacterial infections, 
including acute bacterial conjunctivitis, and blepharoconjunc- 
tivitis, caused by susceptible strains of the following microor- 
ganisms: Staphylococcus aureus, Staphylococcus epidermidis, 

pneumoniae, Streptococcus viridans, Haemophilus 
influenzae and Pseudomonas aeruginosa, * Efficacy for this or- 
ganism in this organ system was studied in fewer than 10 infec- 
tions. CONTRAINDICATIONS: Polytrim Ophthalmic Solution is 
contraindicated in patients with known hypersensitivity to any 
of its components. WARNINGS: NOT FOR INJECTION INTO THE 
EYE. If asensitivity reaction to Polytrim occurs, discontinue use. 
Polytrim Ophthalmic Solution is not indicated for the prophylaxis 
or treatment of ophthalmia neonatorum. PRECAUTIONS: 
General: As with other antimicrobial preparations, prolonged 
use may result in overgrowth of nonsusceptible organisms, 
including fungi. If superinfection occurs, appropriate therapy 
should be initiated. Information for Patients: Avoid contam- 
inating the applicator tip with material from the eye, fingers, or 
other source. This precaution is necessary if the sterility of the 
drops is to be maintained. If redness, irritation, swelling or pain 
persists or increases, discontinue use immediately and contact 
your physician. Carcinogenesis, Mutagenesis, Impairment of 
Fertility: Carcinogenesis: Long-term studies in animals to 
evaluate carcinogenic potential have not been conducted with 
poelymyxin B sulfate or trimethoprim. Mutagenesis: Trimetho- 
prim was demonstrated to be non-mutagenic in the Ames assay. 
In studies at two laboratories no chromosomal damage was 
detected in cultured Chinese hamster ovary cells. at concentra- 
tions approximately 500 times human plasma levels after oral 
administration; at concentrations approximately 1000 times 
human plasma levels after oral administration in these same cells 
a low level of chromosomal damage was induced at one of the 
laboratories. Studies to evaluate mutagenic potential have not 
been conducted with polymyxin B sulfate. Impairment of Fer- 
tility: Polymyxin B sulfate has been reported to impair the 
motility of equine sperm, but its effects on male or female fertility 
are unknown. No adverse effects on fertility or general reproduc- 
tive performance were observed in rats given trimethoprim in 
oral dosages as high as 70 mg/kg/day for males and 14 mg/kg/day 
for females. Pregnancy: Teratogenic Effects: Pregnancy 
Category C. Animal reproduction studies have not been 
conducted with polymyxin B sulfate. It is not known whether 
polymyxin B sulfate can cause fetal harm when administered to 
a pregnant woman or can affect reproduction capacity. Trimetho- 
prim has been shown to be teratogenic in the rat when given in 
oral doses 40 times the human dose. In some rabbit studies, the 
overall increase in fetal loss (dead and resorbed and malformed 
conceptuses) was associated with oral doses 6 times the human 
therapeutic dose. While there are no large well-controlled studies 
on the use of trimethoprim in pregnant women, Brumfitt and Pur- 
sell, in a retrospective study, reported the outcome of 186 preg- 
nancies during which the mother received either placebo or oral 
trimethoprim in combination with sulfamethoxazole. The inci- 
dence of congenital abnormalities was 4.5% (3 of 66) in those who 
received placebo and 3.3% (4 of 120) in those receiving trimetho- 
prim and sulfamethoxazole. There were no abnormalities inthe 
10 children whose mothers received the drug during the first 
trimester. In a separate survey, Brumfitt and Pursell also found 
no congenital abnormalities in 35 children whose mothers had 
received oral trimethoprim and sulfamethoxazole at the time of 
conception or shortly thereafter. Because trimethoprim may 
interfere with folic acid metabolism, trimethoprim should be used 
during pregnancy only if the potential benefit justifies the poten- 
tial risk to the fetus. Nonteratogenic Effects: The oral adminis- 
tration of trimethoprim to rats at a dose of 70 mg/kg/day com- 
mencing with the last third of gestation and continuing through 
parturition and lactation caused no deleterious effects on gesta- 
tion or pup growth and survival. Pediatric Use: Safety and 
effectiveness in children below the age of 2 months have not been 
established (see WARNINGS). ADVERSE REACTIONS: The most 
frequent adverse reaction to Polytrim Ophthalmic Solution is local 
irritation consisting of transient burning or stinging, itching or 
increased redness on instillation. These reactions occur in less 
than 4 of 100 patients treated. Polytrim has a low incidence of 
hypersensitivity reactions (less than 2 of 100 patients treated) 
consisting of lid edema, itching, increased redness, tearing and/or 
circumocular rash. Although sensitivity reactions to trimethoprim 
are rare, an isolated incident of photosensitivity was reported 
in a patient who received the drug orally. 


Œ ALLERGAN PHARMACEUTICALS | 


Allergan Pharmaceuticals, A Division of Allergan, Inc. 
Irvine, CA 92713 ©1990 Allergan, Inc. 
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Whats Been Missing 
From Your _ 

Ocular Anti-Infective 
Therapy? 
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